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Abstract 

In this paper we derive higher derivative corrections to the eleven dimensional super- 
gravity by applying the Noether method with respect to the J\f = 1 local supersymmetry. 
An ansatz for the higher derivative effective action, which includes quartic terms of the Rie- 
mann tensor, is parametrized by 132 parameters. Then we show that by the requirement 
of the local supersymmetry, the higher derivative effective action is essentially described by 
two parameters. The bosonic parts of these two superinvariants completely match with the 
known results obtained by the perturbative calculations in the type IIA superstring theory. 

Since the calculations are long and systematic, we build the computer programming to 
check the cancellation of the variations under the local supersymmetry. This is an extended 
version of our previous paper £Q. 
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1 Introduction 



The requirement of the local supersymmetry is a powerful tool to restrict the form of an effec- 
tive action. Especially the action of the supergravity theory in eleven dimensions is uniquely 
determined by imposing the Af = 1 local supersymmetry |2|. The supergravity theory in eleven 
dimensions is well recognized as the low energy effective theory of the M-theory which contains a 
membrane as a fundamental object. Despite the importance of the M-theory, the quantization of 
the membrane has not been accomplished yet. So it is impossible to calculate scattering ampli- 
tudes of membranes, and we do not know so much about the M-theory beyond the supergravity 
approximation . 

In this paper we pursue the effective action of the M-theory beyond the supergravity by 
imposing the TV = 1 local supersymmetry rather than quantizing the membrane. Especially we 
want to examine whether the local supersymmetry is powerful enough to determine the effective 
action of the M-theory. 

Let us briefly review the expected form of the higher derivative corrections to the eleven 
dimensional supergravity, which is obtained by using the duality between the M-theory and the 
type IIA superstring theory. The perturbative analyses of the scattering amplitudes in the type 
IIA superstring theory is one of the important methods to determine the structure of the higher 
derivative corrections to the supergravity. According to these analyses the bosonic part of the 
corrections to the type IIA supergravity is given by 

*" ice') ^ -loop; (1.1) 

-ftree = t 8 t 8 eR 4 + ^eioCiocR , 

^l-loop = t 8 t 8 eR A — ^Tjyeioeioei? 4 — ^eiQt 8 BR 4 , 

where c is some known constant. The definition of a tensor t 8 is given in the appendix^! and a 
tensor eio is a completely antisymmetric tensor with 10 indices. The tree level effective action 
is obtained by the four graviton amplitude and the sigma-model computational^ The first 
two terms of the one- loop effective action is found by the four graviton amplitude 6 . The last 
term in the one-loop effective action is introduced to ensure the string-string duality between 
type IIA on K3 and heterotic string on T 4 0|H|. Under this duality, the last term is related to 
the Green-Schwarz anomaly cancellation term in the heterotic string effective action[!|]. 

The bosonic part of the higher derivative corrections to the eleven dimensional supergravity 
is obtained by lifting the result (|l.lj) to eleven dimensions. Thus there are two candidates which 
will be invariant under the J\f = 1 local super symmetry [6| I10| . 

t 8 t 8 eR 4 - ±e n t 8 AR\ t 8 t 8 eR 4 + ^e n e n eR^, (1.2) 

where a tensor en is a completely antisymmetric tensor with 11 indices. For the first part, the 
supersymmetric counter terms, which are bilinear to the Majorana gravitino, are derived by 
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applying the Noether method with respect to the local supersvmmetrv[TT]-|15|. For the second 
part, a complete expression for the supersymmetric counter terms is not know yet. See ref. ^B] 
for some discussions. 

Besides the approaches by the string perturbation analyses, the dualities and the Noether 
method discussed above, there are other methods to derive the higher derivative effective action 
of the M-theorv|17|-[2l)]. The famous methods are the analyses by computing the scattering 
amplitudes of superparticles in eleven dimensions and the superfield method. Among these 
approaches we employ the Noether method because this method maximally respect the local 
supersymmetry. 

The procedure of the Noether method is well known and quite simple. First we prepare the 
ansatz for the higher derivative effective action in which each term has some unknown coefficient. 
Then we consider the variations of the ansatz under the Af = 1 local supersymmetry. The 
cancellation of these variations gives simultaneous equations among the unknown coefficients 
in the ansatz. By solving these equations, we can determine the possible forms of the higher 
derivative effective action. At the same time we also obtain modifications of the supersymmetric 
transformation rules. This is the merit of employing the Noether method. 

As we are interested in the question whether the local supersymmetry is useful enough to 
determine the effective action of the M-theory, basically we have to prepare the ansatz as general 
as possible. Although it is an ideal case, it is impractical to apply the Noether method to that 
case because of the enormous calculations. So it is essential to reduce the number of the terms 
in the ansatz. In fact we will classify the ansatz by examining the number of the covariant 
derivatives after the variation, and drop the terms from the ansatz which include more than 
one covariant derivative explicitly. 

After the above prescription there still remain so many terms in the ansatz. Actually we 
have 132 terms in the ansatz, and the variations are expanded by 264 bases. So it is almost 
impossible to execute this program by hand. Thus in order to complete this task, we often 
employ a computer programming. 

With the aid of the computer programming, we complete the cancellation of the variations 
under the local supersymmetry. As a result the number of the parameters in the ansatz are 
essentially reduced to only two, and the higher derivative effective action is given by a linear 
combination of two superinvariants. Surprisingly these two superinvariants completely match 
with those in the eq. (|1.2j) . Therefore at this stage it seems that the J\f = 1 local supersymmetry 
is powerful enough to determine the structure of the higher derivative effective action of the 
M-theory. 

The content of our paper is as follows. In section [21 we review the derivation of the eleven 
dimensional supergravity in detail. In section |HJ an overview of the procedure to determine the 
higher derivative corrections is explained. We give detailed explanations of the higher derivative 
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corrections in section The 132 terms in the ansatz and the variations of them are explicitly 
written down. These variations are expanded by the 264 bases, but 20 of them depend on 
the other terms by nontrivial identities. Almost all the terms in the ansatz and the bases in 
the variations are derived both by hand and by the computer programming independently. In 
section|3we show that the local supersymmetry essentially reduce the number of the parameters 
to only two, and these two superinvariants are exactly match with the ea. ()1.2[) . We also mention 
about the modifications of the super symmetric transformation rules. Section is devoted to 
the conclusions and discussions. 

2 Review of the Eleven Dimensional Supergravity 

2.1 The Ansatz for the Action and the Supersymmetric Transformations 

The eleven dimensional supergravity is the low energy effective theory of the M-theory which 
is considered to be a strong coupling limit of the type IIA superstring theory. The local super- 
symmetry of this theory possesses 32 super charges and determines the structure of the effective 
action uniquely [2]. 

In this section we briefly review the derivation of the eleven dimensional supergravity. First 
we write down all possible terms for the effective action and the supersymmetric transformations 
with arbitrary coefficients. Then we employ the Noether method to fix these coefficients by the 
local supersymmetry. This section is placed to be preliminaries of later sections where higher 
derivative corrections to the supergravity are discussed. So readers who are only interested in 
the higher derivative corrections may skip this section and refer this part like an appendix. 

The field contents of the supergravity in eleven dimensions are quite simple. First of all we 
begin with a vielbein e^ a and a Majorana gravitino ip^ which have 44 and 128 physical degrees 
of freedom, respectively. In order to balance the numbers of bosonic and fermionic states, we 
need a three-form potential A^ up which has 84 physical degrees of freedom. The Greek indices, 
fx, v, p, ■ ■ ■ , label the coordinates in the curved space-time and the Latin indices, a, b, c, ■ ■ ■ , refer 
to the local Lorentz coordinates, both of them run from to 10. Spinor indices are neglected 
to make expressions simple. 

The action of the supergravity in eleven dimensions should be constrained by the local 
symmetries and the parity invariance, which are listed as 

1. The general coordinate invariance and the local Lorentz invariance. 

2. The abelian gauge symmetry : A — > A + dA. 

3. The J\f = 1 local supersymmetry. (2-1) 

4. The parity invariance : x 10 — > — x 10 , A — > —A, tp — > 7 ll V, 

where A, A and ip are 3-form, 2-form and 1-form, respectively. The normalization of the forms 



4 



is defined so as the sum of all the coefficient becomes one, i.e., A = y A^pdx 11 A dx v A dx p for 
example. The matrices 7^ are the gamma matrices in eleven dimensions and the 7 10 generates 
the parity transformation for the spinor indices. The notation ^'"P n is used to represent the 
product of n gamma matrices whose indices are completely antisymmetrized. The coefficient 
of each term is A, so j plP2 = 7^ (7 P1 7 P2 — ■y P2 j pl ) for instance. 

Due to the local symmetries of 1 and 2 in the eq. (|2,lj) . the building blocks of the supergravity 
action should be a Riemann tensor R ab pu , a 4-form field strength F pup(7 , a covariant derivative 
D p which acts only on the local Lorentz indices, and a bilinear term of the Major ana gravitino 
-? /V7 Pl Pn Vv A Chern-Simons term AAFAF is an exception, which include the 3-form potential 
explicitly but is still gauge invariant. 

The requirement of the local supersymmetry 3 in the eq. (|2.1|) is useful to determine the 
action of the eleven dimensional supergravity. In fact we derive the action uniquely by employing 
the Noether method. The parity invariance 4 in the eq. 1)2- lj) ensures the duality between the M- 
theory on S 1 /Z2 and the heterotic superstring theory. As we will see later, the action obtained 
by imposing the local supersymmetry satisfies the parity invariance automatically. For the 
supergravity this symmetry is not so helpful to determine the action, but becomes useful to 
restrict the ansatz for the higher derivative corrections. 

Let us consider the ansatz for the Lagrangian. Since the gravitational coupling constant 
has the length dimension of [L] 9 , the ansatz consists of terms with the length dimension of 
[L]~ 2 . The building blocks have dimensions like R ab pu = [L]~ 2 , F pvpa = [L]^ 1 , D p = [L]^ 1 and 
^pu,'J Pl ' ,>n ' l pi> = [L]^ 1 - So the ansatz for the Lagrangian is written by 



where we used a simple notation [X]. This represents a set of terms which become X after 
ignoring their indices, coefficients and gamma matrices. For example, C[eFipip] includes a 
term eF pvp0 '^pTIpa^v Since we examine the cancellation of variations under supersymmetry 
transformations up to 0(ip 2 ), we only write the Lagrangian up to C>0 4 ). The first three 
parts are the usual kinetic terms and last two parts are the interaction terms, whose explicit 
expressions are given by 



£ = C[eR] + C[e^ {2) \ + C[eF 2 } + C[eF^\ + C[ee u AF 2 } + 0(V> 4 ) 



(2.2) 



C[eR] 



= eR, 



£[eipip(2)] 
C[eF 2 } 




(2.3) 



C[eFipiJj] 



Cl eF p ^^ p ^ u + c 2 eF af3 ^ pl pva ^i>, 



V 



+ c 3 eF a/3jS iP^ a ^ 6 ^ + c 4 eF a/37 




C[eenAF 2 } = c 5 ee' 



11 M4"'M7 /^"'Mll ' 
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The coefficients of the kinetic terms are fixed by rescaling the fields. On the other hand, the 
coefficients c n (n = 1, • ■ ■ ,5) should be fixed by the local supersymmetry. The indices in the 
brackets ( ) or [ ] are completely symmetrized or antisymmetrized respectively. The e^\" Wl is 
an antisymmetric tensor defined as e^}"'^ 11 = e^ 1 ai ■ ■ ■ e Atll l ail e^'" ai1 , and e^i" 10 = 1 for local 
Lorentz indices. Other notations we employed here are summarized in the appendix EJ It is 
easy to see that the Lagrangian is invariant under the parity transformation. 

Now we introduce a space-time dependent parameter e which transforms as a Majorana 
spinor. The dimension of e is [£] 1//2 , and the supersymmetric transformations are assumed as 

<5oe M a = -eWai 

5 VV = dtD^e + d 2 F pjkl ^ kl e + d 3 F ijkn ^ kl p e + 0(^ 2 ), (2.4) 
SaA^p = diej^ipp] + d 5 e^^ upa ip a . 

Again terms which do not contribute to the cancellation up to 0(ijj 2 ) are neglected. The 
coefficients d n (n = 1, ■ ■ ■ ,5) can be fixed by the local supersymmetry. Note that the right sides 
of the above equations behave correctly under the parity transformation. This means that the 
supersymmetry transformations do not mix parity even terms and parity odd terms. Therefore 
the local supersymmetry is compatible with the parity invariance. 

2.2 The Local Supersymmetry 

In this subsection we review the variations under the local supersymmetry. The requirement of 
the local supersymmetry in eleven dimensions completely determines the coefficients c n and d n 
in the ansatz in eas. ()2.3|) and the transformation rules ()2.4|) . 

In order to examine the local supersymmetry, it is convenient to employ the 1.5 order 
formalism. That is, the variations of the Lagrangian by the supersymmetric transformations 
are understood as 

5 £ = e5 e\E(e)\ + edo^E^f + e5 A p , p E(A)^P + e<5 u;/ 6 £(a^ ab 

= e5 e^ a E(e)% | wM) + eSo^E^y | w(B) ^ + e5 A^ p E(A)^P | w(e ^ , (2.5) 

where E(e)% = e" 1 ^, Etyy = e" 1 ^-, E{A)^ = e" 1 ^ and E{uY ab = e" 1 ^ are 
field equations. In the first line the spin connection u;^ ab is treated as an independent field. To 
go to the second line the vielbein postulate and the field equation for the spin connection, 

n p m _i_ p p — n 

^i/C a t -L jypc a — u, 

E(uy ab = -D v {2eJr a er\) - ^^W, = 0, (2.6) 
are solved. Prom these equations the spin connection is expressed like 

+ \r lp ^ b - |^ 6 7> p + \i> a ~f b i> p + \ri ab pa ^. (2.7) 
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Thus the variations for the spin connection are trivially canceled in the case of the supergravity. 
Note, however, that the variations fo the spin connection in the case of higher derivative effective 
action do not cancel automatically. We will mention this in section |IJ The field equations for 
the vielbein, the Majorana gravitino and the 3-form potential are calculated as 

E(e)% = 2R\ - e\R - \F^ k F^ k + ^ e \F ijkl F^ kl + 0(^ 2 ), 
Etyy = -Y^fyofi + 2 Cl F^%^ k + 2c 2 F ijkn ™ klm ^ m 

+ 2c 3 F ljkn ^ kl r + 2c 4 F ijk ^% + 0(V 3 ), (2.8) 
E{A yu P = i_ e , ae u bePcDdF da bc + C5 e^ jklmnop F ijkl F mnop + <D(i> 2 ). 

To derive these equations we neglect the torsion parts which are the order of 0(tp 2 ). 

Now let us consider the super symmetric variations of the ansatz. From the eqs. (|2.4j) and 
(j2.8|) . the variations of the Lagrangian (|2.5|) under the local supersymmetry transformations are 
sketched as 

6 £ = [eRei>] © [eFeDrp] © [eDFe^] © [eF 2 eip], (2.9) 

where [X] represents a set of terms which become X after ignoring their indices, coefficients 
and gamma matrices. The cancellation of the variation, 5qCq = 0, gives linear equations among 
the coefficients c n and d n . 

The calculations in detail are executed as follows. First of all, the terms in [eReip] come 
from the variations of £[ei?] and £[e^V(2)] m the eq. ()2.3j) . These terms are free from the 4- form 
field strength and calculated as 

[eReij] = (-2 + d x )e{R ab - ^ Vab R)e-f b ^ a , (2.10) 

where we used the relation 

D [e lP cd] = \R ab [cdi ab ^e] + W 3 ). (2.11) 

The vanishing of the eq. (|2.1U|) leads to d\ = 2. 

Next, the terms in [eFeDip] are derived from the variations of £[e^V(2)] an d CleFvpip] in 
the eq. (|2.3|) . These terms are linear to the 4- form field strength as 

[eFeDr/j] = +(-6d 2 - 84d 3 - 2 Cl )eF ijkl e^ kl ^ 
+ (6d 2 + A8d 3 )eF l]kl e^ kl ij l m 

+ (d 2 + 5d 3 - 2c 2 )eF tlkl t 1 ijklab ^ ab (2.12) 

- Ac 3 F i]kll l]kl D a r 

-^c 4 F ijk l ^ k D (l rP m) . 
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These variations are canceled when c\ = — 18^3, c 2 = — §^3, C3 = C4 = and d,2 = —8d%. The 
terms in [eDFeip] which are also linear to the 4-form field strength come from the variations of 
C[eF 2 } and C[eFijnp] in the eq. (fO) . 

[eDFeip] = +(72d 3 + \d 4 )eD l F i]k fe^ k ^ 1 

+ ±d 5 e£%W Hm </w (2.13) 

The cancellation of the right hand sides fixes the coefficients as = —432^3 and d§ = 0. 

Finally, after tedious gamma calculations, the terms in [eF 2 evp] which are quadratic to 
the 4-form field strength come from the variations of C[eF 2 ], C[eFi/jip] and £[eenj4-F 2 ] in the 
eq. Q. 

[eF 2 ^] = +(i - 3456d|)eF aiifc F b ^e 7 <V b 

+ (-i + 432d!)eF^F^e 7 a Va (2.14) 
+ (-18d 2 - 2592d 3 c 5 )eF abcd F efgh e 1 abcde ^ A . 

These terms vanish when d% = ^ and C5 = —jjj^yi- 

To summarize so far, we started from the ansatz (|2.2|) and (|2.4|) with the coefficients c n and 
d n . The requirement of the local supersymmetry fixes these coefficients uniquely as 

ci = — g, c 2 = -(i,, c 3 = 0, c 4 = 0, c 5 = — TJSp'' 

di = 2, d2 = -i ^3=134' o?4 = -3, 4 = 0. (2.15) 

In a similar way we will determine the structure of higher derivative effective action in subse- 
quent sections. 

Before ending this section, for later use, we summarize the relations obtained by deforming 
the field equations. 

7fy«6 = !*a-ll7a*+ W 3 ). 
J C D c ^ ab = l^J^eRabcd ~ l C i>[aRb]c ~ D [a <S> b] - ^ [a D h f> + 0{^), (2.16) 

+ i 7 6 A>$a + T*labD b <S> + 0(V 3 ), 

where we defined 

<&« = E{^) a + lF^ k ^ k + ^ FlJka aijklm ^ m , 
$ = 7a^ a - (2.17) 

Note that all indices are local Lorentz ones and we neglect the torsion parts. The Ricci tensor, 
the scalar curvature, the vector $ a and the scalar $ are proportional to the field equations 
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E(e) a ^ or E(ip) a when the four-form field strengths are neglected. Thus up to the field equations, 
we obtain the following relations. 



(2.18) 



The parts which depend only on the field equation of the Major ana gravitino are given by 



These relations will often be used to evaluate variations of the higher derivative corrections. 

3 Higher Derivative Corrections : An Overview 

Since the higher derivative corrections to the supergravity are too complicated, before discussing 
details, let us have an overview of the construction of the higher derivative effective action. The 
explicit forms of the ansatz for the action and the variations under the local supersymmetry 
will be explained in the next section. 

Let us consider the ansatz for the higher derivative corrections to the supergravity. Since 
there are so many ways to contract indices, in general we have enormous terms in the action. 
Of course such situation is not suitable to apply the Noether method, and we should make the 
ansatz for the action as simple as possible. 

First of all we restrict ourselves to investigate leading order corrections to the supergravity 
which start from the order of 



Here l v is the unit length in eleven dimensions, and the field contents are the vielbein, the 
Majorana gravitino and the 3-form potential. The assumption that the leading corrections 
start from the order of t % v is consistent with the duality between the M-theory and the type IIA 
superstring theory. For the IIA superstring theory the leading corrections are obtained from the 
scattering amplitude of closed strings, and contain quartic terms of the Riemann tensor, £®R A . 

1/3 

Here t s is the string length and related to the unit length of the 11 dimensions as i v = g s i s . 
Now let us consider the field redefinitions of 



D b ^ ab ~ ^{Vaclb + ^ablc) D b E{lPf. 



(2.19) 



p 



£ = 4> + £g£i. 



(3-1) 



P V _> p'V — P M _|_ fb A „M 



(3.2) 




9 



Then the Lagrangian changes like 

C -» C! = C + ${& + eAe» a E(e)% + eA^E&Y + eAA^ p E(AY vp } + 0{if), (3.3) 

where i?(e) a M , E(ijjY and E{A)^ up are the field equations for e M a , W an d ^Wp> respectively. 
This means that the higher derivative terms which depend on the field equations of the super- 
gravity can be removed by the appropriate field redefinitions |27j . Thus in order to make the 
ansatz as simple as possible, we only consider the higher derivative terms which are independent 
of the field equations. 

The super symmetric transformation rules for the fields should also be modified from the 
order of the £®. 

5^ = 5 ^ + £pi^, (3.4) 

Then the variation of the Lagrangian (|3.1|) under the supersymmetric transformations l)3.4|) is 
expressed as 

5C = 5 C + ^{SoLi + e5 x e» a E{e)\ + eS^Ety)" + e5 x A^ p E{AY vp } + 0{lf) 

= 5 £ + 4{ V + < x \ + 5i^a)E(e)\ + e(X^ + S^E^Y (3.5) 
+ e(X^ p + 8 x A llvp )E{AY vp ) + 0{lf), 

where V is the variations of the higher derivative terms which are independent of the field 
equations, 

V = 5 Ci - eX» a E{e)\ - eX p E(^Y ~ eX pup E{AY up . (3.6) 

The cancellation of the leading term, i.e., the supergravity part is just checked in the previous 
section. Note that, though the higher derivative terms in the ansatz are independent of the 
field equations, generally their variations under the local supersymmetry depend on them. So 
the variations in 5qC\ can be decomposed into the terms V which are independent of the field 
equations and the other terms which depend on them. 

The order of the £ p part in the second line should vanish under the requirement of the local 
supersymmetry. Thus we have the following conditions: 

V = 0, (3.7) 
5 l e\ = -X\, H = -I^, 5 l A^ p = -X pup . (3.8) 

The first line is used to determine the coefficients of the higher derivative terms in C\. The 
second line gives the modifications of supersymmetric transformation rules. 
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4 Higher Derivative Corrections : Details 
4.1 The Ansatz for the Higher Derivative Terms 

In this paper we take up the cancellation of variations via the local super symmetry which are 
linearly dependent on the Majorana gravitino and independent of the 3-from potential. This 
means that the ansatz for the higher derivative effective action is made out of the terms which 
are linearly dependent on the 3- form potential or the bilinear of the Majorana gravitino at 
most. (In the case of the supergravity, this corresponds to consider the variation of [eReip] and 
the ansatz of £[ei£] and C[e^ip^].) 

Since the building blocks for the ansatz are R ab ^ u = [L]~ 2 , F^ ypu = [L]^ 1 , = [L]^ 1 and 
tpfj,'y pl '" p,1 "4 , u = [L]^ 1 and the integrand of the higher derivative effective action should have the 
length dimension of [X] -8 , the possible forms of the ansatz are given by 

C[eR% C[ee n AR% C[eD 2 R 3 ], £[eD 4 R 2 ], C[eD 6 R], 

C[eDR 3 ipip], C[eD 3 R 2 $iP], C[eD 5 R^], C[eD 7 ipip], (4.1) 

where the covariant derivatives for the local Lorentz indices act on the Riemann tensor or the 
Majorana gravitino. Note that the linear terms of the four-form field strength are dropped by 
imposing the parity invariance. The Chern-Simons like terms are included, however. 

The ansatz (|4.1j) is quite general but contains so many terms. In order to apply the Noether 
method it is necessary to reduce the number of terms in practice. One way is to classify the 
variations of the ansatz under the number of the covariant derivatives. Let us restrict the 
ansatz to those whose variations contain one covariant derivative explicitly at most. First the 
transformation rules for the vielbein, the three-form potential and the Riemann tensor are given 
by 5$e ~ [eip], 5qA ~ [eip] and 5oR ~ [Reip] © [D(eip^)], so i n the first line of the ansatz (|4.1|) . 

C[eR% C[ee n AR% (4.2) 

are the parts whose variations have one covariant derivative at most. Next the transformation 
rules for the Majorana gravitino and its field strength are estimated as 5oip ~ [De] and 5o^(2) ~ 
[Re] , so in the second line of the ansatz (|4.1|) , the forms of 

C[eB?W>(2)], C[eR 2 ^ (2) D^ {2) ], (C[eRDR^ {2) ]), (4.3) 

contain one covariant derivative at most after the supersymmetric variations. Of course, there 
is no guarantee that the supersymmetric transformations cancel completely among (|4.2j) and 
(|4.3[) . As we will see later, however, it is enough to take account of this ansatz to close the 
supersymmetry cancellation whose variations are linearly dependent on the Majorana gravitino 
and independent of the 3-from potential. 

In this paper we neglect the third part in the ansatz (|4.3|) . There is no reason to drop this 
part at this stage, but the result is that this part does not contribute to cancel the variations 



11 



of the ansatz (|4.2|) . Therefore we only consider the first two parts in the ansatz (|4.3[) . Note 
that this ansatz is also employed in the ref. ^S] where the ansatz is obtained by estimating the 
scattering amplitude of four or five massless closed strings. 

4.1.1 C[eR A ] terms 

The £[ei? 4 ] part represents the quartic terms of the Riemann tensor. Note that the terms which 
include Ricci tensor and the scalar curvature are removed by using the field redefinition (|3.3|) . 
so the £[ei? 4 ] part consists of only the Riemann tensors Rab^^). It seems that there are many 
ways of contractions, but by using the antisymmetry R a b c d = —Rbacd = —Rabdc, the symmetry 
Rabcd = Rcdab and the cyclicity R a [b c d] = 0> the £[ei? 4 ] part can eventually be expanded by 7 
terms. (See an eq. (|4.6j) below.) 

The above argument is only for purely bosonic case. Now we replace the spin connection ui 
to the supercovariant spin connection Cj. That is, the Riemann tensor is defined by using this 
supercovariant spin connection Cj(e, tp) as 

R a \„{u) = d^ u ab - 8 u ^ ab + Cj^ c 6j„ cb - Cj v a c Cj*>. (4.4) 

Thus the £[ei? 4 ] part includes the bilinear terms of the Major ana gravitino through the spin 
connection Cj. This operation is often used to check the cancellation of the super symmetric 
variations of the higher derivative corrections The variation of the supercovariant spin 
connection does not include the derivative of the supersymmetric parameter, and the cancel- 
lation mechanism becomes similar to that of the supergravity coupled to non-abelian gauge 
field QUHHTd]. 

The Rabcd only hold the antisymmetry property, and the terms in C[eR 4 ] are expanded by 
more than seven terms. Since there are so many ways to contract the indices, we employ the 
computer programming. As a result, the terms in C[eR 4 } are expanded by 13 terms whose 
variations are completely independent. 

£[eR 4 ] = +b\eR a bcdRabcdRefghRefgh + b\eR a bcdRagfh,RbecdRefgh 
+ b\eR a bcdRabdhRefcgRefgh + b\eR a b c dRaedgRbcfhRefgh 
+ b\eR a bcdRagdhRbcefRefgh + b\eR a b c dRahdfRbecgRefgh 

+ b\eR a b c f RadghRbdceRefgh + b\eR a b c hRadefRbdcgRefgh (4.5) 
+ b\eR a b c hRaedgRbdcfRefgh + b\ Q eR a b c hRaedf RbcdgRefgh 
+ b^eRabchRabdgRcedfR-efgh + b\ 2 eR a dghRafbcRdebcRefgh 
+ b\ 3 eR a b c hRagdeRbdcfRefgh- 

When the torsion terms are neglected, because of the symmetry and the cyclicity of the Riemann 
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tensor, 13 terms of C[eR ] are redundant and classified by purely bosonic 7 terms as 



+ eRabcdRabcdRefghRefgh x (p\) 






+ eRabcdRabceRdfghRefgh X (~ \p\ 


+ bl) 


A 2 


+ eRabcdRabefRcdghRefgh x (~ 


- l A + ibD 


^3 


+ eRabcdRaecgRbfdhRefgh x (~ &e) 




A 6 


+ eRabceRabdgRcfdhRefgh x Q> 7 + &8 + 2^) 


A 5 


+ eRabceRabdf RcdghRefgh x (3&10 - 


-3 fo H-^2) 


A, 


+ eRabceRadcgRbfdhRefgh x (~ ^9 " 


-&)■ 


A 7 



(4.6) 



The notations A\ , • • ■ , on the right hand side are those used in ref. jT2] . 

4.1.2 £[eenAR 4 ] terms 

Let us consider the ansatz of the C\ee\\AR ] part. Since the 3-form potential is odd un- 
der the flip of the 11th coordinate, the ansatz should be accompanied with the antisym- 
metric tensor as g^^ 2 * 13 ^ 4 '"^ 11 ,A WAt2M3 . The remaining 8 indices /U4, ••■ ,/in are completely 
antisymmetric and should be contracted with the 4 Riemann tensors. The way of the 

contraction is unique because of the cyclicity of the Riemann tensor, and is written as 
hi— nu 4 E> e> t? t? 

fc ll ^ 1 A t lAi2/i3- n ' M4A»5 Jrt flfiflr 1 ^ ^8/^9^ A'lOAH.l ' 

The remaining work is to insert the indices a, b, c and d into the 4 Riemann tensors which 
are contracted by the flat metric. There are two possibilities. 

C[ee\\AR ] = — g&ieejjj ^ A^^^Rab^^Rabfi^fi-jRcdfi^fi^Rcdfi^fin (4-7) 

— i/,2 4 D E> E> D 

g w 2 et ll J ~ l [J,iH2fJ-3 ri, abfi4ti.5- rL bciie,fi7 -^cdfig fi9 ^dafiio fin ■ 

It is known that a linear combination of these terms are required to cancel the gravitational 
anomaly on a M5-brane. So these two terms are topological and can be expressed by using the 
forms as A A tr(i? 2 ) A tr(i? 2 ) and A A tr(i? 4 ). Notice that the torsion of the Riemann tensor in 
£[eenj4i? 4 ] are neglected since we consider the cancellation of the order of O(A ,ip). 

4.1.3 £[ei? 3 V>V(2)] terms 

Here we write down the bilinear terms of the Majorana gravitino which are in the category of 
C[eR 3 ^ m \. 

First of all let us classify the types of [i/''0(2)]- Since all indices are contracted, the total 
number of the indices is even and the number of the indices for [V^(2)] is a l so even. Then the 
number of the indices for the gamma matrix should be odd and the types of [^^(2)] are classified 
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as 

[■0V(2)] ~ ^hlf^gh © i>i7efgi*hi © ^jldefgh^Pij® 

$gle fgi>hi © ^7<2e /pfcV'y © V'iTcde fghi^jk® (4.8) 
^kll^ij © ^kllmn^ij © 4>kllmnop^ij- 

In the first line or the second line the index of the gravitino is contracted with one of the 
indices of the gravitino field strength or the gamma matrix, and in the third line no indices 
are contracted. There are several remarks at this stage. First because of the cyclicity of the 
Riemann tensor, the number of the uncontracted indices of the gamma matrix should be less 
than seven. Second, as argued before, the terms of ipi^ji^jk are neglected because these are 
expressed by using field equations. Third the term of V^iV'jfc is dropped since there are no 
cubic terms of the Riemann tensor whose uncontracted two indices are antisymmetric. 

The types of [i? 3 ] are classified by the positions of the contracted indices. As an example, let 
us consider a cubic term R C R j, ^i? bed where b, c and d are the contracted indices and blanks 
are arbitrary. This term is classified by the positions of the contracted indices as {1, 2, 3}{1, 2}. 
The {1, 2, 3} shows that the number of the contracted indices in each Riemann tensor. That is, 
the first Riemann tensor contains one contracted index, the second does two and the third does 
three. The contracted index c is contained in the first and the third Riemann tensor, so the 
numbers (1,3) are assigned for this index. Similarly for the indices b and d, the numbers (2,3) 
are assigned, and totally this example has the numbers of (1, 3) 1 (2, 3) 2 . The {1,2} represents 
the numbers of the powers of (l^) 1 and (2, 3) 2 . The numbers are aligned in order of rising. 
Thus the example R C R f, ^i? bed is classified by the numbers of {1,2, 3}{1,2} which are not 
affected by the properties of the Riemann tensor. The types of [i? 3 ] are classified in this way 
and the complete list is given in the appendix O The result there is checked both by hand and 
by the computer programming independently. 

The independent terms of £[e-R 3 ^V(2)] are obtained by inserting the uncontracted indices of 
bP 1 P(2)] into the blanks of [R 3 ]. It is useful to classify these terms by the positions of the uncon- 
tracted indices of [V'V'(2)] i n the [-R 3 ]- F° r instance, the term eR a ibiR a kcdRbjcd'4 , kli'^ij is assigned 
new numbers of {10, 11, 100}. The meaning of these numbers are as follows. For each index of 
the Majorana gravitino, the gamma matrix and the gravitino field strength, the number 100, 1 
and 10 is assigned respectively. The first Riemann tensor of this example has the number 11, the 
second does 100 and the third does 10, and these numbers are aligned in order of rising. Thus 
the term eR a ibiR a kcdRbjcd'4 , kli'^ij is classified by the numbers of {2, 3, 3}{1, 1, 2}{10, 11, 100}, 
which are not affected by the properties of the Riemann tensor, the gamma matrix and the 
gravitino field strength. 

By using the numbers discussed above it is almost possible to classify the terms of 
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£[ei? 3 i/'V'(2)]> and the explicit expression is given by 
C[eR 3 i>iJ i2) ] = 

+ (flRafbgRacdeRbcde + fl^-afbcRagdeRbcde + f^RbfadRcgaeRbcdej^hlf^gh 

+ (flRklijRabcdRabcd + /s RklaiRbj cdRabcd + f 6 RkialRbj cdRabcd 
+ /7 RijakRblcdRabcd + fgRijal^-bkcdRabcd + f 9 RklabRij cdRabcd 
+ fl()RkiabRljcdRabcd + fuRklabRaicdRbjcd + f\2^kiabRalcdRbjcd 
+ fl3^-liabRakcdRbjcd + fuRijabRakcdRblcd + fl^RklacRbiadRbjcd 
+ fl%RkiacRbladRbjcd + f 17 RliacRbkadRbj cd + flsRijacRbkadRblcd 
+ figRakciRbldjRabcd + f^O^-akciRbladRbjcd + $\\RalciRbkadRbjcd 
+ fwRakbiRalcdRbjcd + f23^-albiRakcdRbjcd) e i ; k1l' l Pij 

+ (f^RefhiRabcdRabcd + f\^Rejah,RbicdRabcd + f^G^hiaeRbf cdRabcd 
+ f^RcfabRhicdRabcd + f^^-ehabRficdRabcd + f^^-efabRahcdRbicd 
+ fsoRehabRafcdRbicd + filRhiabRaecdRbfcd + i 32-^e facRbhadRbicd 
+ fl?>RehacRbfadRbicd + fu^-hiacRbeadRbfcd + fl^RaechRbfdiRabcd 
+ flftRaechRbfadRbicd + ^\jRaebhRj acdRibcd)^ glef g^hi 

+ {fsgRefahRbgcdRabcd + f^RefabRghcdRabcd + floRefabRagcdRbhcd 
+ fl\RchabRafcdRbgcd + f^RefacRbgadRbhcd + fh,RehacRbfadRbgcd)e-'4>ilefgi l hi 

~\~ (j /nRkilmRanbcRajbc ~i~ f A^Rlmij RakbcRanbc ~\~ f ^%R\m,akRijbcRanbc 
~i~ f 4."jRlmakRnibcRajbc "I - f A%RlmaiRknbcRajbc ~\~ j 49 RlmaiRnjbcRakbc 
4~ f'oQ^'lmaiRkjbcRanbc ~\~ f^lRklaiRmnbcRajbc ~\~ f ^RklaiRvnjbcRanbc 
4~ f bZ^HakRmnbcRajbc f 5/±RliakRmjbcRanbc f^^RijalRkmbcRanbc 
4" f§%RijalRmnbcRakbc 4" f^-jRijakRlmbcRanbc ~\~ fsgRlmbkRanciRajbc 
4" fsgRlmbiRakcnRajbc + f QgRlmbiRancj Rakbc ~\~ f Q\RlmbiRakcj Ranbc 
4" f(j2^klbiRajcm,Ranbc + fasRlibkRajcmRanbc + f^RijblRakcmRanbc 
4" fa^RklabRmnacRijbc ~t~ f %%RkiabRlraacRnjbc ~t~ f %lRlraabRijacRbkcn 
4 f %%^UabRmjacRbkcn + ffjgRlmabRniacRbkcj + f J^RlmabRkiacRbncj 
4 f j\RklabRmiacRbncj ~\~ j ? Y2^lmabRckaiRbncj + f JsRliabRckamRbncj 
+ fuRakblR cmai Rbncj ) Opklflmn V'ij 

+ (fh^-deaiRfgbcRahbc + fwRdeabRj ' gacRbhci)^ 'jldej 'gh^Pij 
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i.f'JjRdeaiRfgbcRajbc ~\~ fjgRijadRefbcRagbc ~\~ ffgRdeaiRfjbcRagbc 
+ floR-debiRafcjRagbc + fllRdeahRfiacRbgcj)^i>hldej 'gh^ij 

^ff^RlmkiRnoabRpjab f Q'sRklij RmnabRopab © f %4.Rlmij RknabRopab 
maiRnobj Rkpab © fgfjRlmakRijbnRopab © fsfRliakRmnbj Ropab 
© f%%Rkla%Rmnbj Ropab © f&gRlmakRnobiRpjab © f^RlmakRnobiRapbj^)^'4^k1lmnop' l Pij 

+ UllRcdjkRefabRghab + f^RcdajRefbkRghabl^ilcdefghi^jk- 

Thus there are 92 terms for J C[ei2 3, 0V ; (2)]- This result is obtained both by hand and by the 
computer programming independently. Note that this expression is also obtained in ref. |13| . 

4.1.4 £[ei? 2 -0( 2 ) -0-0(2)] terms 

We write down the bilinear terms of the Majorana gravitino which are in the category of 
C[eR 2 i> {2) D*lj m \. 

First of all let us classify the types of [0(2) -00(2) ]• Since all indices are contracted, the total 
number of the indices is even and the number of the indices for [*0( 2 ) -0*0(2)] i s a ^ so even. Then 
the number of the indices for the gamma matrix should be odd and the types of [0(2) -00(2)] are 
classified as 

[•0(2) -0*0(2)] ~ i>mnlj A0mn © -0mn7jM AVVrm 

i'mnljDilpon ^mpljklR'i^op (4.10) 
VVrmTj AVV © i>mnljkl Di Ipop- 

In the first line four indices of the gravitino field strengths are contracted. In the second line 
two indices of the gravitino field strengths are contracted, and in the third line no indices are 
contracted. There are several remarks at this stage. First the indices of the gamma matrix are 
all uncontracted with the indices of the gravitino field strength and the covariant derivative. As 
discussed before, the terms whose indices of the gamma matrix are contracted can be expressed 
by using field equations and neglected in the ansatz. Second because of the cyclicity and the 
Bianchi identity of the Riemann tensor, the number of the indices for the gamma matrix should 
be less than five. Third it is always possible to make the index of the covariant derivative 
uncontracted with the indices of the gravitino field strength by using the relation of Dr c tp a u ~ 
\Rde[abl de ^c}- For example, V^TiA^M = -\4>iklj A*0ifc+f -Rde[ifc0*V7 de *0*] , where the second 
term is already included in the category of £[e-R 3, 0V(2)]- 

The types of [R 2 ] are classified by the positions of the contracted indices. As an example, let 
us consider a quadratic term R bcdR bed where b, c and d are the contracted indices and blanks 
are arbitrary. This term is classified by the positions of the contracted indices as {3, 3}{3}. 
The {3, 3} shows that the number of the contracted indices in each Riemann tensor. That is, 
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the first and the second Riemann tensor contains three contracted indices, respectively. The 
contracted index b is contained in the first and the second Riemann tensor, so the numbers (1, 2) 
are assigned for this index. Similarly for the indices c and d, the numbers (1,2) are assigned, 
and totally this example has the numbers of (1, 2) 3 . The {3} represents the number of the power 
of (1, 2) 3 . The numbers are aligned in order of rising. Thus the example R bcdR bed is classified 
by the numbers of {3, 3}{3} which are not affected by the properties of the Riemann tensor. 
The types of [R 2 ] are classified in this way and the complete list is given in the appendix IO 
The result there is checked both by hand and by the computer programming independently. 

The independent terms of C[eR 2, tp^2)Dijj^2)] are obtained by inserting the uncontracted 
indices of [4>(2)^ > ' t P(2)] i n t° the blanks of [R 2 ]- It is useful to classify these terms by the 
positions of the uncontracted indices of [tpm Dip^] in the [R 2 ]. For instance, the term 
eRiaobRmajb4 , mnljDiijj on is assigned new numbers of {20, 101}. The meaning of these num- 
bers are as follows. For each index of the first gravitino field strength and the gamma matrix, 
the number 100 and 1 is assigned respectively. And for each index of the covariant derivative 
and the second gravitino field strength, the number 10 is assigned. Note that the same number 
is assigned both for the covariant derivative and the second gravitino field strength because of 
the relation Dt c ijj ( M ~ -^Rdeiabl Yc]- The first Riemann tensor of this example has the num- 
ber 20 and the second does 101, and these numbers are aligned in order of rising. Thus the 
term eRi ao bRmajb'4 , mn'yjDi'ip on is classified by the numbers of {2, 2}{2}{20, 101}, which are not 
affected by the properties of the Riemann tensor, the gamma matrix and the gravitino field 
strength. 

By using the numbers discussed above it is almost possible to classify the terms of 
C[eR 2 ip(2)Dip(2)]i an d the explicit expression is given by 

CleR^D^)] = 

ifl R-ijmaRopna ~t~ f2 RijoaRmnpa ~i~ f% RimjaRopna ~i~ f 4.Rioj aRmnpa 
f§ RdmoaRjnpa fdRimoaRjpna fj RiopaRjmna)&^Pmn'~fj-Di1p p 

~t~ (fgRiajbRmaob fg RiajbRoamb floRiambRjaob ~t~ fl\RiaobRjamb 
fl2-^iambRoajb + fl3-^iaob^'rnajb) e ' , Pmn^fjDi'tJj on 

+ fh R iabcRjabc e-i>mnljDii>mn (4.11) 

{fisRijkmRlnop fl(>RijkoRlpmn f YjRimjoRklnp flgRiojpRklmn)dpmnl?jkl-Di' , Pop 

+ {figRijkaRlmoa + f 20^-1 jkaRloma + f 21 R ij ma Rkloa + f 22^-i joaRklma 
f23RimjaRkloa + f2&RiojaRklma)&'4 , mp'~1jklDi'4)op 

+ i 25 RiajbRkalb ^mnl/jklDilpmn 

Thus there are 25 terms for C[eR 2, ip^2)Difj^2)]- This result is obtained both by hand and by the 
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computer programming independently. 
4.2 The Bases for the Variations 

Now let us turn our attention to the variations of the ansatz. In this subsection we write down 
all independent terms of the variations, and in next subsection we will expand the variations of 
the ansatz in terms of these bases. 

Since we are interested in the cancellation of the terms which are linear to the Majorana 
gravitino and independent of the 3-form potential, the relevant supersymmetric transformation 
rules of the fields are roughly expressed as 

5 e ~ [eip], 

6 R~[ReiP]®[D(e^ (2) )], 

(4-12) 

5 tp ~ [De], 
5 ijj(2) ~ [Re]. 

Then the variations of the ansatz 5C[eR 4 ], 5C[ee±iAR ], 5£[eR 3, ijjip( 2 j] and 5 < C[ei? 2 -0( 2 )-^V , (2)]) 
which are linear to the Majorana gravitino and independent of the 3-form potential, are sketched 
as follows: 

5C[eR 4 ] ~ V[eR 4 eip}®V[eR 2 DRe^ {2) }, 

5£[ee u AR 4 ] ~ V[eR 4 e^], 

5C[eR 3 %b^ {2) ] ~ V[eR 4 eip]®V[eR 2 DRe%b {2) ]®V[eR 3 eD^ (2) ], (4.13) 
5C[eR 2 ^ {2) D^ {2) ] ~ V[eR 2 DRe^ {2) ]eV[eR 3 eD^ {2) ], 
~v[eR 4 eip]e V[eR 3 eDip {2) ]. 

As we will see soon, there are 116 bases for V[eR 4 eip], 88 bases for V[eR 2 DReip^] and 92 bases 
for V[eR 3 eDip( 2 -j]. For the last, 60 bases are essentially required and the other 32 terms are 
rewritten by the other bases with the aid of the field equations. Note that the first terms 
V[eR 4 eil)] and the third terms V[eR 3 eDi/j^] are not independent because of the identity, 
-^[eV'ccZ] ~ j7 ip[ e Rcd\ab- ^ n fact, by using the computer program we find that there are 20 
identities between the first terms and the third terms, 

20 

= Y, ^[R 4 ^] + V[R 3 eD4, (2) }) n , (4.14) 

i=n 

where i n are arbitrary coefficients. The last line of the eq. (|4.13|) represents these identities. 

Therefore under the local supersymmetric transformations, the variations of the ansatz are 
expanded by 264 bases. Now we write down these 264 terms which are obtained both by hand 
and by the computer programming independently. 
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4.2.1 Bases for V[eR 4 ei/;} 

There are 116 bases for V\eR Before giving the explicit expressions we clarify the algorithm 
to obtain the result. 

First of all let us classify the types of [etfj]. Since all indices are contracted, the total number 
of the indices is even and the number of the indices for [eijj] is also even. Then the number of 
the indices for the gamma matrix should be odd and the types of [etp] are classified as 

[#] ~ e-f^z © H 3Z ^z © n ijHz ^z © ej ijklmnopz ^ z ® 

efip z ef jk ip z ef jklm ip z ef jklmn °ip z . (4.15) 

In the first line the index of the gravitino is contracted with that of the gamma matrix, and in 
the second line no indices are contracted. There are two remarks at this stage. First because 
of the cyclicity of the Riemann tensor, the number of the uncontracted indices for the gamma 
matrix should be less than nine. Second the term \^^ l i klmnz ^ z ] i s dropped because there are no 
quartic terms of the Riemann tensor whose uncontracted indices are completely antisymmetric. 
(This is not obvious but can be checked by referring the appendix IO) 

The types of [R 4 ] are classified by the positions of the contracted indices. As an example, let 
us consider a quartic term R e jR ea fR bcdRabcd where a, b, c, d, e and / are contracted by the 
flat metric and blanks are arbitrary. This term is classified by the positions of the contracted 
indices as {2, 3, 3, 4}{1, 2, 3}. The {2,3,3,4} shows that the number of the contracted indices 
in each Riemann tensor. That is, the first Riemann tensor contains two contracted indices, 
the second does three, the third does three and the fourth does four. The contracted index a 
is contained in the second and the fourth Riemann tensor, so the numbers (2, 4) are assigned 
for this index. In a similar way the numbers (3,4), (3,4), (3,4), (1,2) and (1,2) are assigned 
for the indices 6, c, d, e and /, respectively, and totally this example has the numbers of 
(2,4) 1 (1,2) 2 (3,4) 3 . The {1,2,3} represents the numbers of the powers of (2,4)\ (1,2) 2 and 
(3,4) 3 . The numbers are aligned in order of rising. Thus the example R e jR eQi jR bcdRabcd is 
classified by the numbers of {2, 3, 3, 4}{1, 2, 3} which are not affected by the properties of the 
Riemann tensor. The types of [R 4 ] are classified in this way and the complete list is given in 
the appendix |0 The result there is checked both by hand and by the computer programming 
independently. 

The independent terms of y[ei? 4 e^] are obtained by inserting the uncontracted indices 
of [ei/>] into the blanks of [R ]- It is useful to classify these terms by the positions of the 
uncontracted indices of [eip] in the [i? 4 ]. For instance, the term eRijefRkaefRzbcdRabcd^ 1 ^^ 
is assigned new numbers of {0,1,2,10}. The meaning of these numbers are as follows. For 
each index of the gamma matrix the number 1 is assigned, and for each index of the Majorana 
gravitino the number 10 is assigned. The first Riemann tensor of this example has the number 
2, the second does 1, the third does 10 and the fourth does 0, and these numbers are aligned 



19 



in order of rising. Thus the term eRij e fRkaefRzbcdRabcd^l^ k ip z is classified by the numbers of 
{2, 3, 3,4}{1, 2, 3}{0, 1, 2, 10}, which are not affected by the properties of the Riemann tensor 
and the gamma matrix. 

By using the numbers discussed above it is almost possible to classify the terms of V[eR 4 eifj], 
and the explicit expressions for the bases are given by 



vi = 
vi = 
v} = 
vi = 

V? = 



Vl2 = 
^16 = 



V, 



18 
20 



v 2 \ 
v 2 \ 



V, 



25 



v 2 % = 
v 2 \ = 

^30 = 

vi 2 = 



34 



V: 



V-. 



36 
38 



^40 



Va 



Va 



46 
48 



eRabcdRabcdRefghRefgh£l Z 4>z , 
eRabcdRabefRcdghRefghH Z i>z, 
eRabce Rabdg Rcfdh Refgh^tpz, 
eR a bce Radcg RbfdhRefgh^^z, 

eRiezfReafbRagcdRbgcdH 1 ^ , 
fReagbRfcgdRacbdH 1 ^ > 
&Riaf gRzbcdReaf gRebcd^l V' j 
&Rieaf Rzebf RagcdRbgcd^l V' j 
cRifegRzaebRfcgdRacbd^'y V' 5 
&RzagbRidfcReafbRecgdtl % ^> Z , 
^RzbgaRidf cReafbRecgd^l V' > 
&Riaef RzgebRfgcdRabcd^l 1p j 
&R'iaef RzgebRfcgdRacbd^l 1p j 

eRiafbRjgcdReafgRebcd^Y JZ ' t Pz , 

eRij ze RkaebR a fcdRbfcdH tjk ip z , 

e-RijzeRkafbRecfdRacbdH 1 ^^ , 
eRij e fR z kabRefcdRabcdeY jk 1p Z , 
eRijeaRzekbRafcdRbfcdtY^lp* , 
eRijeaRzfkbRecfdRacbdtl 1 ^^ , 
eRijefRkaefRzbcdRabcdH 1 ^^, 
eRij e fR zae bRkcfdRacbdH tjk 1p Z , 
eRijabRzecfRkedfRabcdH tjk 1p Z , 
eRij ea RkfbeRzfcdRabcd£J tjk 1p Z , 
eRijeaRkebfRzcfdRacbdej 1 ^^ , 
zRijeaRkfbeRzcfdRacbdtl 1 ^^ , 

eR i j ea R keb fR z f cd R abcd e'y' ljk ip z , 



V} 



Va 



vi 



v l 
vA 
vh 
vh 



vh = 



1 
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v 2 \ 
v 2 \ 



eR a bcdRabceRdfghRefghH Z ^z , 
eRabcd Raecg Rbfdh Refgh^^z, 
eRabceRabdfRcdghRefghH Z ^z , 

eRiezfRegabRfgcdRabcdH 1 ^ 2 > 
eRiefgRzefgRabcdRabcd£l % 4> Z , 
cRiaef Rzbef RagcdRbgcd^l "0 j 
&Rief gRzeabR f gcdRabcd^l 1p > 
eRiagbRzdfcReafbRecgdtl 1 ^ , 
eRzagbRicfdReafbRecgdH 1 ^ , 
eRiaefRzbegRfgcdRabcdtY^i 
^RiaefRzbegRfcgdRacbd^l 1p j 



^27 = 
^29 = 
^31 = 
^33 = 
^35 = 
^37 = 
^39 = 
V*L = 
^43 = 
^45 = 

vl 7 = 
vl 9 = 



eRij ze RkfabRefcdRabcdH ljk 1p Z 
eRij e fR z kefRabcdRabcdH ljk 1p Z 
eRijeaRkezbRafcdRbfcdH tjk 1p Z 
eRijeaRzfkbRefcdRabcdH 1 ^^ 
eRijefRzaefRkbcdRabcd^Y^^ 
eRij e fR zea bRkfcdRabcdH ljk 1p Z 
eRijabRzcefRkdefRabcdH ljk 1p Z 
eRijeaRzfbeRkfcdRabcdH 1 ^^ 
eRijeaRzebfRkcfdRacbdH 1 ^^ 
eRijeaRzfbeRkcfdRacbd^y^lp 2 
eRijeaRzebfRkfcdRabcdH 1 ^^ 
eRzeifRjeafRkbcdRabcdH 1 ^^ 



(4.16) 
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^50 




eRiezfRjeafRkbcdRabcd^^tp 2 , 


^51 






eRzeifRjaebRkcfdRacbd^Y^^ 1 


V53 


v 5 \ 




eRzaibRjecfRkedfRacbd^l 1 ^^ , 


^55 


Vie 




eRiezaRj fbeRkfcdRabcd^Y^^ 1 


^57 


v 5 \ 




e RiezaRjebfRkcfdRacbd^l^ k ' l p Z 1 


^59 


vio 




eRiezaRj fbeRkcfdRacbdcrf^lp* , 


vii 


vh 




eRiezaRjebfRkfcdRabcdtrf^lp* , 


vi 3 


vL 





eRzaebRiafbRjecdRkfcdei tjh 1p Z , 


vi 5 


V 6 \ 


= 


eRzaebRiafbRjcedRkcfdCrf^lp* , 


V 6 \ 


Vis 


= 


eRzaecRibedRjdfaRkbfcCY^Ip* , 




Vig 




eRij e fRklef RabcdRabcd ^'^^z, 


V70 


v 7 \ 




eRijeaRklebRafcdRbfcdtrf^^lpz, 


V72 


V73 




eRijeaRklfbRecfdRacbdtrf^^lpz, 


v 7 \ 


v 7 \ 




eRijefRkeabRlfcdRabcdtJ^^^lpz, 


Vie 


V77 




e RijabRkce fRldefRabcd^^^^lpz 1 


v is 


v 7 \ 




eRijeaRkebfRlcfdRacbdtrf^^lpz, 




V 8 \ 





eRijeaRkebfRlfcdRabcd€1 tjklZ 1pz, 


vh 


V 8 \ 


= 


eRieabRjfabRkecdRlfcdH tjklZ 1pz, 


V 8 \ 


V 8 \ 


= 


eRiaebRjafbRkcedRlcfd^Y^^lpz, 




v ie 




cTt R R R coA?k£rre jz 
^■fi'ijze^i'klccL^'Tfibcd^'CLbcd^ l Y 1 


v i 7 


^88 




&R? i" yn Rlfl phR^npcd ' I^nbcd ' ' ifj - 

li^jUi f i 1 r 1 1 1 / 1 1 i 1 1 n/i r 1 7^ j 


^89 
oy 


^90 
yu 




6-RzpidRj kcbR'lTncdR'&bcd^^Y ^ "y^ ? 


vi 

y 1 






oR R R R c^jklm i z 
e-J^ij CQ,-t* j kleb^ j m / czd^ j o,cbd^' l t 1 


^93 


vi 4 




of?.. R R R crJjklmj.z 
er^ij ze^^kaeb^'lcad-^Tncbd^' l Y 1 


^95 


Vie 

yo 




dRj ri y b R'i L» p d Rl ri ph R^yi CP d 1 


y 1 


^98 




^R'icz&R'j kcbR'lcadR'TTicbd^'*} ^ ? 


^99 

yy 


V 1 

^100 




eRiezaRjkebRlacdRmbcde^f ^ ? 


^101 


V 1 




„D. . D E> E> cJi^™,/, 2 

ej^iaj c^-zbkd^'laeb^'Tnced^ l Y 1 


T/ 1 

103 


^104 




/= R R- R R t^jijklm iz 
e^-iazd^'j kbc^'laeb^'Tnced^ 1 Y 1 


^105 


V 1 




pR ■■ uRui ^7? ; R Af^ Um ih z 

c - 1 Hjab 1 <-klcd 1 <-meab 1 <'Zced c 1 Y i 


v 107 


V 1 
V 108 




&RijeaRklebRmacdRzbcd€^f ^ V 7 ! 


K 109 






^■Rij adRklbcRmaebRzced^l ^ V* ! 
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eRi ez fR jeab RkfcdRabcdeY jk, <p z , 
eR zaib Rj ce fR kde fR acbd eY jk tp z , 

eRzeiaRj fbeRkfcdRabcdej tjk 1p Z , 
eRzeiaRjebfRkcfdRacbdH 1 ^^ , 
eRzeiaRj fbeRkcfdRacbdtJ 1 ^^ , 
eRzeiaRjebfRkfcdRabcdH tjk 1p Z , 
eRzeabRifabRjecdRkfcd^ tjk 1p Z , 
eRiaebRjafbRzecdRkfcde7 tjk 1p Z , 
e-RzaecRibedRjafbRkcfdtl 1 ^^ , 

eRij e fRklabRefcdRabcdH tjklZ 1pz, 

eRij ea R k if b R e f cd R abcd ej tjklz ip z , 

eRij e fRkaefRlbcdRabcdH %jklZ ^z, 
eRijefRkaebRlcfdRacbdCJ^^Ipz, 
eRijabRkecfRledfRabcd£J ljklZ 1pz, 
eRijeaRkfbeRlcfdRacbdH tjklZ 1pz, 
eRijeaRkfbeRlfcdRabcdH tjklZ 1pz, 
eRiaebRjafbRkecdRlfcde7 tjklZ 1pz, 

eRijzeRklabRmecdRabcdtl'^ ^ 1 
eRijzaRklebRmcedRacbdt'y ^ V* j 

eRiezaRjkebRlmcdRabcdt^f ^ V' ) 

o R R R R c^W^ m iU z 
tfiiij ze £ >'kaeb Jri 'lacd rL mbcd t f Y 1 

eRzaibRjkcdRlaebRmced€^f ^ V' > 

eRzeiaRjkebRlcadRmcbd£1^ V' ) 

eRzeiaRj kebRlacdRmbcdCy ^ V 7 ) 

eRzaicRjkbdRlaebRmced€^f ^ 1p > 

eRzaidRj kbcRlaebRmcede'f ^ V' ) 

eRijeaRkleaRmbcdRzbcdeY : ' klm lp Z , 

eRijeaRklebRmca dRzcbdH 11 m ip Z , 

eRijacRklbdRmaebRzcede'J ^ 1p ) 



^111 — zaRklacRmnbdRobcd^l ' ^ 1p 1 ^112 — zcRklabRmnadRobcd^ ' ^ 1p 5 

^113 = e RijabRklabRmncdRozcd^l l: ' klmn0 ^ Z ', ^114 = eRijabRklacRmnbdRoczdH l:jklmn0 1p Z , 

^115 = e RijabRklabRrnncdRopcd^1^ klmn ° PZ ' l Pzj ^116 = e ^jabRklac^mnbd^c^ai^^ mnOP ' *V 'z- 

Thus there are 116 bases for V[eRreip]. This result is obtained both by hand and by the 
computer programming independently. 

4.2.2 Bases for V[eR 2 DRe^ {2 )\ 

There are 88 bases for V[eR 2 DReip(2)]- Before giving the explicit expressions we clarify the 
algorithm to obtain the result. 

First of all let us classify the types of [ei/>(2)]- Since all indices are contracted, the total 
number of the indices is even and the number of the indices for [e , 0(2)] is odd. Then the number 
of the indices for the gamma matrix should be odd and the types of [eV(2)] are classified as 

[#(2)] ~ £7V J ' e ej klm 4> ij ej klmno i; lj . (4.17) 

There are two remarks on this classification. First of all since the ansatz does not contain the 
terms which depend on the field equations, as a result the variations of V[eR 2 DReip^2)] do not 
contain the terms which depend on the field equations as well. So we only take into account of 
the indices which are all uncontracted. Second because of the cyclicity and the Bianchi identity 
of the Riemann tensor, the number of the uncontracted indices for the gamma matrix should 
be less than seven. 

The types of [R 2 DR] are classified by the positions of the contracted indices. As an example, 
let us consider a quartic term R c jR cbdDbR , where b, c and d are contracted by the flat 
metric and blanks are arbitrary. This term is classified by the positions of the contracted 
indices as {2, 3, 1}{1, 2}. The numbers of 2 and 3 in {2,3,1} represent the numbers of the 
contracted indices in the first and the second Riemann tensor, respectively. The last number 1 
in {2, 3, 1} represents the number of the contracted indices in the covariant derivative and the 
third Riemann tensor, because the indices of the covariant derivative and the third Riemann 
tensor can be exchanged by using the Bianchi identity of the Riemann tensor. Thus the index of 
the covariant derivative is grouped into the position of the third Riemann tensor. The contracted 
index b is contained in the second Riemann tensor and the third position, so the numbers (2, 3) 
are assigned for this index. In a similar way the numbers (1, 2) are assigned both for the indices 
c and d, and totally this example has the numbers of (2, 3) 1 (1, 2) 2 . The {1,2} represents the 
numbers of the powers of (2,3) 1 and (1,2) 2 , where the numbers are aligned in order of rising. 
Thus the example, R c jR c bdDbR , is classified by the numbers of {2,3, 1}{1,2} which are 
not affected by the properties of the Riemann tensor. The types of [R 2 DR] are classified in this 
way and the complete list is given in the appendixO The result there is checked both by hand 
and by the computer programming independently. 
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The independent terms of V [eR 2 DReip^ 2 )] are obtained by inserting the uncontracted indices 
of [e0(2)] into the blanks of [R 2 DR]. Careful analysis shows that it is always possible to make 
the index of the covariant derivative filled by a contracted index by using the Bianchi identity 
of the Riemann tensor. Therefore below we only consider the terms of [R?DR] in which the 
index of the covariant derivative is already filled. 

It is useful to classify the terms of V[eR 2 DReip(2)] by the positions of the uncontracted 
indices of [e0(2)] in the [R 2 DR\. For instance, the term eRij ka R ebcd D e R abcd t^ k ^ is assigned 
new numbers of {0,0,21}. The meaning of these numbers are as follows. For each index of 
the gamma matrix the number 1 is assigned, and for each index of the gravitino field strength 
the number 10 is assigned. The first Riemann tensor of this example has the number 21, the 
second does and the third position does 0, and these numbers are aligned in order of rising. 
Thus the term eR^aRebcdD eRabcd^l k ^ is classified by the numbers of {1, 4, 5}{1, 4}{0, 0, 21}, 
which are not affected by the properties of the Riemann tensor and the gamma matrix. 

By using the numbers discussed above it is almost possible to classify the terms of 
V[eR 2 DRet()(2)], and the explicit expressions for the bases are given by 



Vi 




eR ijka R ebcd D e R abcd e-f V J , 


it2 
V2 




eR ijea RkbcdD e R a bcdej tp J , 


tr2 




eReaicRjbkdUeRabcdH W , 


ir2 

vi 




eReaicRkbjd-L> e R abc dH W , 


vi 




zReaibRjcadD e RkcbdH k ^ , 


vi 




eReaibRjdacDeRkcbd^^ i 






&ReaibRkcadD e RjcbdH k '4 )l: ' , 


V 2 




eR e akbRicadD e RjcbdH k ^ , 


V 2 




eReaibRkdacDeRjcbdH 1 *^ , 


V 2 




eRkaebRidacD e RjcbdH k 1p lj , 


V 2 




eR eakh Ri dac D e Rj chd l-i k i\) %1 , 


V 2 

v 12 




eRijabRecadDeRkcbdH k 1p tj , 


V 2 
v 13 




eRijabRedacDeRkcbdH 1 ^^ , 


V 2 




eRiakbRecadD e RjcbdH k i jlj 1 


V 2 




eRkaibRecadDeRjcbdH 1 *^ , 


V 2 




eRiakbRedacD e RjcbdH k ' l p lj > 


V 2 




eRkaibRedacD e RjcbdH k '4 )l: ' , 


V 2 
v 18 




&ReaicRabcdD e RjbkdH k ^ , 


V 2 




eReaicRabcdDeRkbjdH 1 *^ , 


V 2 
v 20 




eRecadRicbdD e RjakbH k 1p lj , 


V 2 




eR ecad R icbd D e R kajb e~i k i) %: > , 


V 2 

v 22 




eR e dacRicbdD e RkajbH k 1p lj , 


V 2 

v 23 




eRecadRkcbdDeRijabH 1 *^ , 


V 2 
V 2A 




eRedacRkcbdD e RijabH k 1p lj 1 


V 2 

v 25 




eRebcdRabcdDeRijkaH 1 *^ , 








V 2 
v 26 




e-RijkiRdabcD d R ma bcH klm ^ , 


V 2 
v 27 




eRijkaRdblcDdRmbac^ 1 " 1 ^ , 


V 2 
v 28 




eRijk a RibdcD d R m bacH klm ip lj , 


V 2 
v 29 




eRijdaRklbcDdRrnabcH^™ 1 ^ , 


V 2 
v 30 




eRijacRkadbDdRlmbcH klm ^ lj , 


V 2 
v 3l 




eRijacRdakbDdRlmbc^ 1 " 1 ^ , 


V 2 
v 32 




eRijkaRdabcD d Rl m bcH klm ^ i 


V 2 
v 33 




zRiaklRjbdcDdRmbacH 1 * 1171 ^ , 


V 2 
v 34 




eRiaklRjcdbD d R m bacH Hm i> 1 ' j , 


V 2 
^35 




eRiakcRjbdaDdRlmbc^ 1 " 1 ^ , 
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V 2 

36 




^RickaRjbdaDdRlmbc^l k 




V 2 
37 




e RiakcRjadbDdRlmbc^7 k 




V 2 
V 38 




&Ricka,Rj adbDdRlmbct^ 




T/2 




e RiakdRjblcDdRmbac^ k 




V 2 
'40 




e RiakdRjclbDdRmbac^'J lt 




^4 2 1 




e RidkaRjclbDdRmbac^1 k 




V 2 
'42 




&RiaklRdbmcDdRjbac^7 k 




T/2 
'43 




&RiaklRmbdcDdRjbac^7 k 




T/2 
'44 




^R j iakl R'dbcic^^ dR^j CTnb^^Y 




T/2 




^R^iakl R'dbdcR^ dR'jbi7ic^ r y 




V 2 
'46 




e RibdaRklacDdRjcmb^7 k 




T/2 




e RibdaRklacDdRjbmc^7 k 




'48 




^- , R y iadbR'klcLcR t ^ dR'j CTnb^'y 




T/2 
^49 




e RiadbRklacDdRjbmc^7 k 




V 2 
'50 




^■-R'ibdcR'kldcL R^ 'd-Rj CTnb^^Y 




T/2 




^-R'ickb-^^ltnda, ^-^d^^jbac^^f 




T/2 
'52 




&R j ibkcR'lTYid(i R^ dR'jbac^'^f 




T/2 




e RibkcRdbacR > dRjalmMl k 




T/2 

04: 




^■-Rickb-Rdbdc-R^ d-Rj cd7n^ r y 




T/2 




^'R'idkdR'lbdc-R^ d-Rjbi7ic^ r y 




T/2 
'56 




e R'idkaRlbacRdRjbmc^1 k 




T/2 
*o7 




cRiakcRdcdbD dRjcmbtl^ 




T/2 
'58 




&RickaRdalbDdRjcmb^7 k 




T/2 




&RiakcRdalbDdRjbmc^7 k 




T/2 
'60 




^■-RickcL-RddlbR^ d-Rjb7nc^ r y 




T/2 
'61 




^R'i&kcR'lQjdbR^ dR-j CTfib^'y 




T/2 
'62 




^■R'ick&R'lcLdbR* dR'j cmb^^ 




^63 




^R'iakcR'lddbR^ dR'jbi7ic^ r y 




T/2 
'64 




&RickaRladbDdRjbmc^7 k 




^65 




e RicdbRkbacD dRjalmMl k 




T/2 
'66 




^R'icabRkbdcD dRjalm^l^ 




T/2 




e RibdcRkbacD dRjalmMl^ 




T/2 
'68 




^R'ibacR'kbdcR* dR-j alm^'y 




V 2 




e RkcdbRlbacR > dRijma^7 k 




T/2 
V 70 





cRkbdcRlbacR'dRijmat'Y 




T/2 
K 71 





cRkbdaRlmacR 1 dRijbc^l 




V 2 


= 


^■RkadbRlmacR dRijbc^ 




T/2 

^73 


= 


eRklbcRdbacR>dRijmaH k 




T/2 


= 


eRkabcRdabcR , dRijl m ej k 












T/2 
'75 




€.Rij fc a Rlmcb c-^noabfy 




T/2 

w6 




& k I i a j c?n & ^ c ocl b ^ T 


mno^pij 


V77 




& R' folia R'rftcjb-^c-^ j TLO(ib^ r Y 


mno^ij ^ 


T/2 
^78 




^-^klia, -^TYincb c-^j (xob^-'Y 


mno^ij ^ 


^79 




^-^klicL-^Tnncb-^ c^ j oo,jb^'~Y 


mno^ij ^ 


T/2 




& -Rij kl ^'CiYioh -^c ^"no&b 


mno^ij ^ 


V 2 
'81 




^■^hlcd-^TTiTidb-^c-^ijob^'^f 


mno^ij 


T/2 




^■^ J %ch(l^ J lTTlQjb ^c-^'7iojb^'~f 


mno^ij 


^83 




c - ll kcia 1 <'lmab 1 ^'c 1 '"nojb' 1 1 


mno ,ij 
Y 1 


Vo 2 , 
'84 




P R. ,,r, n R ■ ,f-v fe 
cl Hakb lt 'lmca 1 ^'c lt 'nojb c 1 


mno ,ij 
Y 1 


T/2 




dRkaibRlmcaR'cRnojb^ 


mno^ij 


T/2 




cRkliaRcambR 1 cRnojb^ 


mno^ij 


T/2 




^■RkliaRmacbR cRnojb^l 




T/2 

^88 




^RckabRlmabR cRijno^l 





Thus there are 88 bases for V[eR 2 DReip(2)]- This result is obtained both by hand and by the 
computer programming independently. 
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4.2.3 Bases for V[eR 3 eDib {2) ] 

The bases for V[eR 3 eDib^ 2 )] ar e obtained as in the case of deriving the ansatz for £[e.R 3 V>V(2)]- 
That is, by replacing the Majorana gravitino in the £[ei? 3 -0V(2)] with the covariant derivative, 
we obtain 92 bases for the V[eR 3 eDib( 2 )]- The explicit expressions for the bases are given by 



(v 3 




ID As n As , /V, , C/~\l rill 1 h i 

C-H-afbg -H-acde ^bcde^If u h<Pghi 


V 3 

v 2 




/3 As ri AV 1 Ail 7 rill 111 1 

d-t^afbc J^agde J^bcde^lf u hYghi 


V 3 




G^bfad n-cgae n-bcde &7/ UhVgh) 2 i 








V£ 




eR k u j R ahcd R ahcd eiD K ^ , 


ta3 
^5 




eRuaiRbjcdRabcd^i R> ^ , 


T^3 

v e 




eR kial R bjcd R abcd e~/ D -ip 3 , 


ta3 




If I y J\ —I J ~\ \z I ij 

e-tiij ak n b i cd U abcd e^ u tp , 


t^3 
^8 




eR ijal R bkcd R abcd eYD K 7p i: >, 


t^3 
*9 




eri k i ab Uij cd U abcd ej U tp , 


T/3 
"10 




eRkiabRljcdRabcdH D ip J , 


^11 




eRklabRaicdRbjcdH L> V, 


Vl 
"12 




pR, i.R 1 ,,Ri- jpry 1 D k ih ij 


"13 




pRi uR 1 jRr J f'y l n k ih ij 
v jr *-liab rL akcd rL bjcd t I ^ Y 1 


Vl 
"14 




pR kR i .iRu jf^ l D k lb ij 
cl H]ab 1 ^akcd 1 ^blcd' z f ^ Y > 


"15 




pRi.i Ri, jRk jf^ l D k ib ij 

cl ''klac 1 imad 1 >'bjcdt J ^ Y 1 


Vl 

"16 




Z- Ix kiac Ix blad rt 'b]cd t I ^ Y i 


"17 




pRi jRu J f'y l D k ib i3 

t -J^hac r *'bkad rt 'bjcd t I ^ Y 1 


vl 

"18 




^ I ^ijac ri 'bkad Ix blcd t I ^ Y i 


"19 




pR 1 Ruu R u jf^ l D k ib ij 

^^akct^bld] r> -abcd t 1 ^ Y 1 


vl 

"20 




pR i Ru, j Ru jp'y 1 D k ih ij 

^^akci^blad-^bjcdt I U Y i 


T/3 
"21 




pR 1 Ru jRi.- jfV D k ih ij 

^-^alci^bkad^bjcd^ J u Y 1 


vl 

"22 




k ^ IX 'akbi Ix alcd r H)jcd^ ] u Y i 


"23 




pR if. R u ,,Ri. - ,,f^ l n k ib ij 

tfi,albi rt 'akcd rt 'bjcd t I Y 1 


\ V 2A 




eRefhiRabcdRabcd^efgDglphi , 


T/3 

"25 




eRefahRbicdRabcdC'JefgDg'lphi , 


vl 

"26 




VJ^hiae^bfcd^abcdt Jefg^gYhu 


"27 




^--^efab^hicd^abcd^ Jefg^gtyhii 


vl 

v 28 




c - Lh ehab lt ficd lv abcd tz Jefg-^gYhi) 


K 3 o 
"29 




C - Lh efab lt ahcd lt bicd ,z Jefg-^gYhi) 


V 3 
"30 




P I. L /?,, r,^/ Rl,' .jH',, r^, Y) ^.ihui 

^' LL eriao- Lt ajca ±t otca ,:: Jej g'raii 


y 31 




^ ± ^h%ab ± ^aeca ± ^bjca^ : ;ej g 1 ^ gyhii 


vl 




eRp f nrRbh nd Rhi rd^l p fnD aWhi 

C j CtL. "(_>/ 1 till ^IJLL.LL ^- /cj y (/ t /fcfc 7 


T/3 

OO 




cRphnrRh fndRbird^lp fnD n Whi , 

C / luL j (ILL ^IJLL.LL i cj y y ILL ) 


vl 




CRhirir-IXh&nrl Rh fnrlC^^ fnUnWhi « 

^ Ttttic 1 uciiLL ^ojco, 1 c j g y t ni) 


OO 




PRn&rh Rh f rU RnhnrlC^Y fn-DnWh'i « 


V 3 




CRncrh Rh fnrlRhirrlC'~ip fn-L-SnWhi 
^ ^(IcCIl <JJ (ILL ^ULL.LL ^ IC-jy yTllli 


v5 ( 




PRnvhh R i n r-rl R-ihrrlC1 ' f> f nJ-J nWhi ) 1 
^(IcUlL j (±L.(± ^ tucu ^ I cj y y t ILL J 1 


(V 3 
I "38 




C-fte/a/i ^bgcd^abcd^lef g u iYhi 7 


V 3 

"39 




e-J^efabn-ghcd^abcd^lefg^iWhi 7 


ta3 




eRefab Raged R-bhcdHefgDi Iphi , 






eRehabRafcdRbgcd^lefgDii^hi , 


vl 




eRefacRbgadRbhcdtJefgDilphi , 


vl 




eRehacRbfadRbgcdtlefgDi'Y'hi) 2 


vl 




&Rkilm,RanbcRajbc£'y D ?/> "', 


vl 




eRlmijRakbcRanbc£7 lmn D k 1p lj , 


vl 






V 3 
"47 




eR lmak R nibc R a ^ 1 lmn D k f 3 \ 


V 3 
"48 




^RlmaiRknbcRajbc^l D 1p 3 \ 


T/3 
"49 




cRlmaiRnjbcRakbct^f D if)' 3 , 


V 3 
"50 




^■RlmaiRkjbcRanbc^l D Ip 3 \ 


^1 




^■RklaiRmnbcRajbc^l D Tp ' 3 , 


V 3 
"52 




eRklaiRmjbcRanbcH lmn D k ^ l3 \ 


T/3 

"53 




eRuak Rmnbc Rajbc^l 1 ^ D k 1p lj , 
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V, 



V 3 
v 86 



V, 



V 3 
v 90 



Vl = eRuakR m] bcRanbcei lmn D k ^ 
eRi ja iR mnbc R akbc €'y lmn D k ip tj 
eR lmhk R ana R a j hc e 1 lmn D k ^ 

eR lmbi Ranc j RakbcH lmn D k ^ 
eRklbiRajcmRanbc^l lmn D k ^ 
eRi j bl Rakcm Ranbc €j mn D k 1p tj 

eR kiab R lmac R njbc e 1 lmn D k ^ 

eRliabRmjacRbkcn£J lmn D k, ll) t: i 
eRlmabRkiacRbncj^l lmn D k 1p lj 
eRlmabRckaiRbncj^l lmn D k '4j t: > 

V 7 \ = eR akbl R cmai R bnc] e 1 lmn D k ^ 

eRdeaiRfgbcRahbc^ldefghDjtpi 

eRdeaiRfgbcRajbc^ldefghDhtpi 
eRdeaiRfjbcRagbc^ldefghDhlpi 
Vgi = eRdeabRfiacRbgcjHdefghDhi l ij) v 
eRlmkiRnoabRpjabn lmn ° P D k ^ 
^■RlmijRknabRopab^-1 l\) ^ 

eR lmak R ljbn R opab e 7 lmno PD k ^ 

eR k laiRmnb j Ro P abe 1 lmn ° P D k ^ 
^■RlmakRnobiRapbjt'y P D ift ^ 
{V9I = e RcdjkRefabRghabCJcdefghiDi1pjk, 



V 3 

V 3 
v 58 

V 3 
V 3 
V 3 

V 64: 

V 3 

V 3 
v &8 

V 3 
v 70 

V 3 
v 72 



V 3 
v 79 



V 3 
v 82 



V 3 

V 3 

V 3 
v 59 

V 3 

V 3 

V 3 

V 3 
v 67 

V 3 
v 69 

V 3 
v 71 

V 3 
v 73 



V 3 
v 76 



V 3 
v 78 

V 3 
v 80 



V 3 
v 83 

V 3 
v 85 

V 3 
v 87 

V 3 



eR l ,alRkmbcRanbcll lmn 'D k ^ 



eRijakRlmbcRanbcZl lmn D k i> lj 



eRi m biRakcnRa j bcei lmn D k ^ 

eRlmbiRak cj Ranbcei lmn D k ^ 
eRlibkRajcm,R a nbc^ lmn D k 1p l: ' 

eR klab R mnac R ljbc e 7 lmn D k ^ 

eRlmabRiiacRbkcnei 1 ™^^ 3 
eRlmab Rniac Rbkcj e^ lmn D k Ip^ 

&RklabRmiacRbncj£l lmn D k Ip 1 ! 

„n r> T> ^ Iran y\k 1 ij 

& 1 <'liab ri 'ckam, ri 'bncj t I u lfJ 



eRdeabRfgacRbhciHdefghDjlpij) 2 , 

eRijadRefbcRagbc^JdefghDhtpij , 
eRdebiRafcj Ragbc^ldefghDh^ij , 

cRklijRmnabRopabCy ^ D if) 1 ^ , 
^■RlmaiRnobjRkpab^-l , 
eRl l akRmnb 3 Ro P abH lmn ° P D k ^ , 

eR lmak R noU Rp j abei lmnop D k ^ , 



Vg 2 — e.R c dajRefbkRghab^lcdefghiDi'4'j k ) r 



Note that these terms are classified into 3 types. The first one is V 24 ^ 37 , V^ 3 7 ^ 81 and V 9 3 i g2 
where the index of the covariant derivative is contracted with the index of the gamma matrix. 
By applying the first equation in ()2.18|) . these terms are expanded by ^4^23, V 3 4r ^ 74: , V 8 3 2 ^ 9 q and 
^L~ii6- The second one is V 3 ^ 3 , ^38~43 an d ^75,76 where the index of the covariant derivative is 
contracted with the index of the gravitino field strength. By applying the second equation in 
(|2,18|) . these terms are expanded by V^ llG . The third one is V 3 ^ 23 , ^44^74 an d ^82~90' which 
are the 60 bases for the V[eR 3 eDi^i 2 )\- 

4.2.4 The Identities 

As mentioned before the bases for V[eR 4 £ip] and for V[eR 3 eDip^ 2 )] are n °t independent because 
of the identity, D\ e ^ c d\ ~ \l ah ^[eRcd\ab- By using the computer programming we find 20 
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identities among these bases. The result is as follows. 

h = 2^12 + 2^ - 4V& + 2^ + - 8Vi - AVi = 0, 
h = V 3 \ - 2V 3 \ - W 9 3 + 8Vf = 0, 

7 3 = 4V? 7 + 4V? 8 - 4V& - W 2 \ + 2V 2 \ - - V 3 \ + V£ 8 + 2Vft + 4V 3 = 0, 

7 4 = 8^ + 8V? 8 - 8^ - 8V 2 \ + AV 2 \ - AV 2 \ + V 3 \ + 2V£ 7 + 8V? 2 - 4F 3 = 0, 

7 5 = 2V& - 2V 2 \ + 2V 2 \ - 2V 2 \ - V 3 \ + V 4 \ + 2V 1 % + 4V? 7 = 0, 
h = Wh ~ 4^20 + - 4F 2 4 + Vl + 2^ + 8V? 6 - 4V1I = 0, 

7 7 = 8V£ + 2V£ - 8^ + 4^ 6 + 2V 3 \ - 8V£ - 2V 8 \ - V? 05 + 8V 4 3 + Wg = 0, 

7 8 = 2V£ + 2^3 - + 8^7 - 8^9 + V 2 \ - V 3 \ + 2Vl - 1QV 5 \ + 4^ + 4V 6 \ 

+ ^88 " Vl08 + 4^47 + 4^8 + 4^9 = 0, 

7 9 = 4V£ + 4^3 - 2V 1 \ + - + 2V 2 \ + 4^ - 4V& - 4V 5 \ - 8V£ 5 

+ V 8 1 7 -2V 1 1 08 -Wl 6 + 8Vi = 0, 
I W = 2V£ + 2V? 3 - V? 5 + 8V? 8 - 8^9 - 4V£ 9 + 4^ + 2V 5 \ + 8V 5 \ + 4V 5 \ - 4V 6 \ 

- 4V£ 3 + 4V 6 \ - 4V 9 \ + 4V 9 \ - 2V 9 \ - 8Vg 2 - 8V 5 \ + 4V 5 3 = 0, 

7 n = 2K, 1 + 2V 1 \ - + 8V? 8 - 8^ + - + + 4V 5 \ + - Vgg (4.20) 
+ V&j - 4V 5 3 - 4K 3 - 2if 6 = 0, 

712 = 4V£ - 2V£ + 8V& - 4V 1 \ + 8^ - 8V? 7 + 8V& - 8V 2 \ - V 2 \ + 4V 2 \ 

+ 4^ - 4^ + 8^4 + 8^ 8 - 4V£ 2 - 8V 6 \ - V 8 \ + 2V 8 \ - 2V 9 \ + 2V? 07 

- 4V4 3 - 8V 5 3 + sy 5 3 - 8y 6 3 = 0, 

7 13 = 2y 8 x - Vi + 4^ - 2V,\ + 4^ 6 - 4^ + 4^ - 4^ + 2V& - V 5 \ 

- 4V£ 2 - 2V 5 \ + 4V£ 7 - 4V£ 9 + ^3 - 2^ + W 6 \ + 2V 9 \ - 2V 9 \ + V 9 \ 
-8Vi 2 -8Vi 3 -W 6 \ = 0, 

Iu = - 4y 4 \ + 4^ 5 - 4^ + 8^7 + 8^ + V 9 \ - V 9 \ - 2V^ - 4F 6 3 - 8F 6 3 = 0, 

7 15 = 2V 9 l + 8V 2 \ + 8V 2 \ - 2VA - AV^ + 2V^ 7 - 4V 5 \ - 8V£ 7 - V g \ - 2V l \ 

-4Vi 5 + 4Vi 7 + 8Vil = 0, 

71 6 = V, 1 - W 2 \ + W 2 \ + 4^ - V 5 \ - V 5 \ + 4V£ 9 - AVi - 2V 6 \ + 2V£ 2 

- 2V£ 7 - 2V£ 8 - 2V 1 1 02 - 2^ + 2^4 + 4F 6 3 - 8V 7 \ = 0, 

In = Vi - 12^ - 6V 2 \ + W 2 \ + 28V 2 \ - 24V 2 \ + 2V 5 \ + 2V 5 \ + 12V 5 \ 
+ 12^ - 8V£ 9 - W£ - 2V 6 \ - W£ 2 + IW£ 7 + AV£ 8 + Wl m + 4^ 

- 2^3 - 4^4 - 8V 6 3 - 8VV 3 ! - 24y 7 3 = 0, 
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hs = 2V 2 \ + Wi - W 3 \ + 4^36 " 4^39 - 16 ^49 + 16^ - 16^ - 2V& 

+ 8V 9 \ + 16V& + ^ + 41/Al + ^113 - 8^8 3 2 + 4V& = 0, 

ii9 = 2V 2 \ - V 2 \ - 2V 3 \ + 2V 3 \ + 2V 3 \ - W 3 \ + - - W 5 \ + 4V 5 \ + 8V 5 \ 
- 8V& + W 6 \ - Wi 2 + V 8 \ - 2V 9 \ + AV 9 \ - 2V 9 \ - - 8V? Q2 + 4^ 
+ 4^ + 2V^ 7 - ^o 8 + Vl n + VA 4 - 2V 8 % + 4V& + 4V 8 \ = 0, 

ho = 2V 2 \ - V 2 \ + 2V 3 \ - 2V 3 \ - 2V 3 \ + 2V& - 2V& + 4V^ - 4^ - 2V 4 \ + 2V& 
+ 8^ 2 + - 8V 5 \ + V 8 \ - W 9 \ - W 9 \ + 4^ - 4^^ + 4^ - 2^ 
+ 2Vft - y/ 12 - Vi\ 4 - 2y 8 3 5 + 4y 8 3 9 = 0. 

Now we are ready to examine the variations of the ansatz under the local supersymmetry 
transformations . 

4.3 The Variations of the Ansatz 
4.3.1 <5£[ei? 4 ] terms 

In the case of the supergravity, the variation of the spin connection is automatically cancelled 
by solving (|2.6|) . For the higher derivative corrections, however, the variations for the spin 
connection do not cancel automatically. As discussed before the Riemann tensors in the ansatz 
of £[ei? 4 ] are expressed by the supercovariant spin connection, and the super symmetric trans- 
formation for this field is given by 

5^ ab = -\e lti r h + ~ |e 7 W (4-21) 

By definition the above transformation does not include derivatives of the supersymmetric 
parameter e. 

Now let us consider the variation of the ansatz £[ei? 4 ] under the local supersymmetry In 
order to execute this, it is convenient to use the variation of the Riemann tensor, 

SRabcd = e' M ce U d5Rabnis(u) - Rabdfi^c + Rabcu^ ' d 

= D c 5£o dab - D d 5Cj cab + R abde e-f e ip c - R a bceH e ip d + C(^ 3 )- (4.22) 

The covariant derivative acts on all local Lorentz indices. Since we focus on the cancellation 
of the terms which linearly depend on the gravitino, we neglect the torsion part in the second 
line. Let us vary b\ term of £[ei? 4 ] in the eq. l)4.5|) as an example. 

S(b\eR a b c dRabcdRefghRefgh) ~ +b\eR a bc d RabcdRefghRefgh^l Z ' l l J z 

— 8b\eRi e fgR ze fgR a b cc [Rabcd^l' l ' l l J z (4.23) 

- 32b\eR ijka R ehcd D e R ahcd e~t k il) lj . 
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4, 



"22 



Here the partial integral and the Bianchi identity of the Riemann tensor are used to derive the 
above expression. We also dropped the terms which are proportional to the field equations since 
those terms are canceled by modifying the supersymmetry transformation of Se a ^. 

In a similar way, it is basically possible to vary the ansatz £[eit! 4 ] under the local super- 
symmetry. Since this operation is systematic, we employ the computer programming by the 
mathematica to calculate the variations. The result is given as follows. 

5C[eR 4 } = 

+ b\(V l 1 -8V 1 \-32V?) 

+ b\{-\V 2 l + 4^ - Vi - 4V 2 - 4V 4 2 + 2V& + 4V& + 4V&) 
+ b&Vi - 4V/ 2 - 4V& - 4V 2 + 2V 2 - 8V 2 + 8V 4 2 - 4V 2 - 8V? 6 + 8V 2 - 4V 2 ) 

+ b\(-lvi + v/ 5 - fv 2 2 + vi - vi + vi 8 - vi 9 - \vl + 7 2 v 2 \) 

+ b\(-\Vi + 2V X \ - 3V 2 2 + 4V 2 - 4V 4 2 + 4Vi 8 - 4V X 2 - 6V 2 2 3 + 6V 2 2 ) 
+ bKlvi - Vi - V^ + 8V& + V 2 2 - Wi - Wi - 4V 2 - 4V 2 + 2V 2 - 2V 2 2 
+ b\{Vi + 4V/ 8 - 4^ - 2V 2 \ - 8^3 + 8V& - 6V 5 2 + 2V 6 2 + 2V 7 2 + 2V 8 2 + 2V 9 2 
+ 2^i 2 ! + Vi 2 - V& ~ 2^14 " 2tf 5 + 2V 2 + 2V 2 + 2V 2 - 2V] 2 + 4V 2 - 4V 2 2 : 

+ v 2 %-v 2 \) 

+ bl(Vi + 4Vi 7 + 4Vi 8 ~ 8Vi - 2V 2 \ - 4V 2 \ + 4V 2 \ - 2V 5 2 + 2V 7 2 + 2V 2 + 2 V 2 

- Vi 2 - 4V! 2 + 2Vf 6 + 2Vf 7 + 2Vis ~ 2V? 9 ~ 2V? + 6V 2 i - 4V 2 + 2V 2 - V 2 ) (4.24) 
+ b\{\vi - Vi + 2Vi 7 + 2Vi 8 - V 2 \ + 2V 2 \ + 2V 2 \ + V 2 - 3V 2 - V 7 2 - V 2 - V 2 

+ vii + \ Vil - \ vis + vi 4 + vi 5 + vi 6 + vi 7 + vf 8 - vf 9 - 2 v 2 2 - 2 v 2 2 2 

+ It/2 _ 1-^2 s 

+ 2 "23 2 "24J 

+ 610(3^ + 6V 17 + 6V 18 ~ 6^.9 " 6^20 " ^21 + ^22 " 2V 7 2 + 2V 8 2 + 2V 9 2 + 2V 2 

- 2Vft + 2^ - 2^1 + 2V X 2 4 - 2T/ 2 5 - + 2V& - 2Vi 8 + 2Vi 9 + 2V 2 \ - 2V 2 2 4 ) 
+ b\ x {-\vl - \Wi 7 - \Wis + UVig + UVi + V 2 \ - V 2 \ + 2V 7 2 - 2V 2 - 2V 2 

- 2Vi + 2Vi x - W x \ + 4^1 - 6V X 2 4 + 6Vi 5 + 6Vi 6 - 6Vi 7 + 6^1 - 6V& 
-4V 2 2 +4V 2 2 ) 

+ ^(-^e 1 + 16V ii ~ + !6V 5 2 - 16V 6 2 + 16V 7 2 - 16V 8 2 - 16V 9 2 - 32^ + 16^) 
+ b\ 3 (-V 7 l + 4Vi + 4V 2 \ - 2V 2 - 4V 2 - 2V 2 + 2V X \ - V x 2 + 2V 2 + 2V, 2 - 2V 2 2 
-2V 2 2 -V 2 2 ). 

The variations which depend on the Ricci tensor or the scalar curvature are neglected. As ex- 
plained in the sec.|Sl those terms are cancelled by modifying the supersymmetric transformation 
rule of the vielbein. 
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4.3.2 5C[ee u AR 4 ] terms 

Let us consider the variations of £[eenj4i? 4 ] under the local super symmetry. Since we are 
interested in the variations which are independent of the 3-form potential, we only need to 
consider the variation of the 3-form potential in this ansatz. The calculation is straightforward 
and the result is written as 

6£[ee n Arf] = b\V^ + b 2 2 V^. (4.25) 

Note that, because of the presence of the en tensor, the gamma matrix with 2 indices is mapped 
to the one with 9 indices. 

4.3.3 &C[ei? 3 ^V(2)] terms 

As discussed in the sec. 14.2.31 by applying the field equations ([2. 18)) . the variations of the ansatz 
jC[ei? 3 V>V(2)] are classified into three types. 

For the terms with the coefficients i24~37> j '77^81 an d /91 92 m the £{eR 3 ijjip(2)], the variations 
of them are evaluated as 

= 2, ,JU-'--'^c'i + \eRl... lnl] R x jH zl ^ z ^e 

= -2ee(D z Rl.. lnij )^--- tnZ ^ + 2neeR\... lni ^^D^ (4.26) 

n(n-f-l) ■ ■ ■ ■ r - ■ i 

where C n = (-1) 2 . We used y 1 "*™ 2 = yi "*™^ 2 _ n ^[n-i n ~i^in\z anc j ^ g rst e q Ua ti n in 
(|2T8l) . 

For the terms with the coefficients /i^ 3 , /38~43 and /75J6 i n the £[ei? 3 '0V(2)]> the variations 
of them are evaluated as 

5(eRl... in $ zl ^i> iz ) 

= 2ei? 3 1 .., n ^f 1 - i "^ + ... ,11.,,;- - ni < (4.27) 
= -2ee(D z Rl.. ini )f^ iz - \eRl... ini R xy iz e{ 1 i ^ 1 x y + C^V 1 ""* }^ z . 

Here we used the second equation in (|2.18|) . 

For the terms with the coefficients f^^si /44~74 an d /g2~90 m the £[ e ^?i ) ' l l ; {2)\: the variations 
of them are evaluated as 

= 2, lll..,,,, !^-' " '.-' 1 + k' lil...,..;,:^,^^-' '■ ' ■■^ 

= 2( < { !)■ )'■ '* <.''•' - 2eml... inij z Y^D z ^ (4.28) 
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These variations are quite systematic and it is practical to calculate them with the aid of the 
computer programming 1 . The result is expressed as follows. 

5C[eR 3 ^ (2) ] = 

+ fl(-2Vi-4V 1 l-4V 1 l-V 2 \) 

+ / 2 1 (-2K, 1 " 8V 7 2 + 8V 2 + 8V 2 - 8V? S + 8V& - 8V 2 \ + 8V 2 \ + 4V 2 3 - \V 2 \) 

+ / 3 1 (-2V 1 1 + 2V 2 + 2V£ - 2V 2 8 + 2V 2 2 2 + V 2 3 ) 

+ fliVh + V 2 \/2 + 8V, 2 - 2Vi) 

+ fl{Vk - V 3 \/2 + Vi 2 /2 - W 2 + 4Xf 6 - 2Vi) 

+ ti(-V&/2 + + V 3 \/2 - W 2 + W 2 7 - 2Vi) 

+ fi(y& + - 2V 2 + 4V& - 2Vf) 

+ fl{~V& + Vij2 - 2V 2 - 2V 2 % - 2V 8 3 ) 

+ fl{Vh + Via/2 - W 2 - 8V 2 \ + 8V 2 \ - 2V 9 3 ) 

+ fM 5 /2 + V 3 \/2 + 8V 2 - 8V 2 + 8Vf 8 - 8V 2 9 - 2V1 3 ) 

+ /i 1 i(2V r 2 1 1 - 2V 2 \ + V 3 \ + 8V 2 - 8V 2 - 8V 2 - 8V 2 + 8V£ - 2V&) 

+ fh(VA ~ V 2 \ - Vh/2 + Wg - W 2 - W 2 - 2V 1 \) 

+ /i 1 3 (2^i 1 7 + 2^ - 2Vl 9 - 2V 2 \ - Vi 8 /2 + W 2 4 - W 2 5 - 4V& + W 2 7 - AV 2 8 

+ W 2 9 -2V 3 3 ) (4.29) 
+ /i 1 4 (-4Vl 1 7 - 4V& + 4V& + Wi + V 3 \/2 - W 2 2 + W 2 3 - W 2 3 + \V 2 \ - 2V&) 
+ fl,{2V 2 \ - 2V 2 \ + V 3 \ + W 2 - W 2 - W 2 - 2Vl) 
+ fw(V 2 \ - V 2 \ - Vi 3 /2 + W 2 - 2V 2 - 2V 2 + 2V 2 - 2V& - 2V? 6 ) 
+ fliiVh - V 2 \ - V 4 \/2 + 2V 2 4 - 2V 2 5 - 2V 2 \ + 2V 2 \ - 2V&) 
+ /i 1 8 (-2^i 1 7 + 2Vi + Vi Q /2 - 2V 2 2 - 2V 2 3 - 2V? 8 ) 
+ fiM 6 + Vi 8 /2 - 2V 2 - 2V 2 9 - 2Vf 9 ) 
+ f2o(V 2 \ - V&/2 + 2V 2 - 2V 2 - 2V 2 - 2V 2 3 ) 
+ fki-Vio - V^/2 - 2V 2 5 + 2V 2 \ - 2V 2 \) 
+ fk{V 2 \ - Vl/2 - 4V 2 + AV 2 - 2V 2 \) 

+ / 2 1 3 (2y 1 1 8 - 2V& - Vl 2 /2 - 4V 2 5 + AV 2 7 + 4V 2 \ - W 2 \ - 2V 2 %) 

+ fU2Vi - 6V& + V 2 \ - V 6 \ - 8V 2 \ - AVi) 

+ / 2 1 5 (2y 2 1 - 6V& - V 3 \ + V 3 \ - V 7 \ - \V 3 \ - \vl - wi) 

1 We partially made use of the mathematica package GAMMA by U. Gran 28 . 
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+ f&pV* - 3^ 2 - 3^ + - V 3 \/2 - V 7 \ - 4V 2 7 + V& + V 7 \ - 2Vf + 2Vi) 

+ fl 7 {2V,} - 6^ + V 3 \ - V 7 \ - W 2 \ - 8V 7 2 3 - W 9 3 ) 

+ tis(Vi - 3^ + Vi 7 - V 7 \ + 8V 2 9 - 16V 2 + 8V 4 2 + 8V£ - 8V 2 A - 4V 3 ) 

+ fU^i - 12V 2 \ + 12V* + 2V 3 \ - V 7 \ - 8V 4 | - 4V 3 ) 

+ flv(Vi + 6^17 + 6V? 8 - 6V 1 , - W 2 \ - 3V 2 \ + - + + F 81 + 2V 2 

- 2V 3 % + 4V 6 2 - 4V 6 2 - 2Vg + 2V 6 2 + 2V 2 7 - 2V£ 8 - 2V 3 + 2V 3 ) 

+ / 3 1 1 (2y 6 1 + 24V? 7 + 24V 1 , - 24V/ 9 - 24^ + V 1 , " ^77 + 4V 3 2 + 8V 6 2 - 8V 7 2 - 4V 3 4 ) 

+ / 3 1 2 (2y 5 1 - 12^3 + 12^4 + 2^34 " ^73 " ^47 " 4V 4 | + 4V 4 2 + 4V 2 - 4V 3 ) 

+ /as^g 1 + ^17 + 2^ 8 - 3^0 - 3^ + W 2 \ - V^ 3 /2 + V^/2 + V 7 \ - V 2 + V 2 + V 3 2 7 

~ Vi 8 + 2^1 " 2V 5 2 6 + 2V 5 2 - 2V 6 2 + V 6 2 7 - V 2 8 - 2V 3 + 2V 3 ) 
+ f^{2Vi + Wh + 8V 1 , - 12V* + Vi - V 7 \ + 2V 2 - 2V£ - 4V 7 2 - 4V 3 ) 
+ f 3 \{2Vt - 6^ + F 3 8 " ^76 " 4 ^40 " 2^54 " 4V 3 ) 

+ / 3 1 6 (2y 7 1 - W 2 \ - 3V 2 \ - + V^/2 + ~ + V? 7 - 2V 5 2 - 2V 6 2 - V 6 2 
-2V 2 3 +2V 3 ) 

+ / 3 1 7 (2y 5 1 + 4V/ 7 + 2V? 8 - 6V& - 3V 2 \ - V 4 \/2 + + V 8 \ + 2V 2 7 - 4V 6 2 + 2Vl 

- 2V 2 8 - 2V 2 \ + 2F 2 3 3 ) 

+ / 3 1 s(2y 1 1 2 + 2Vl 3 - 4V,\ + V 8 \ - W 2 2 - 4V 2 5 - V 7 \) 
+ fM - 8V 5 \ + 8V 2 2 + 8V 2 3 - 8V 2 4 + 4VV 2 ) 

+ /2o(8Vi7 + 8^18 - S^g - 8^0 + 4F 2 \ - AV 2 \ + F 8 8 + ~ + W 2 6 + W 2 7 
-W 2 8 + 2V 2 2 ) 

+ /iil-SVl 1 , - 8^ + 8^9 + 8^ - 4y 2 \ + W 2 \ + 2V 9 \ + 8F 6 2 - 8y 6 2 - 4y 6 2 + 4y 7 2 ) 
+ fkm\ - 4^ + 4^ - 4V 2 \ + Vgg + - 2y 5 2 + 2F 6 2 - 2y 6 2 - F 7 2 + F 7 2 ) 
+ /i 3 (-4Vl 1 8 + 4^ - 4^ + W 2 \ + 2V 9 \ + 4F 5 2 - 4F 5 2 + 4F 5 2 - 4y 5 2 - 4y 6 2 + 4F 6 2 

+ 4y 6 2 -4y 6 2 +2V 7 2 ) 
+ fl{2V 8 l - Vl 2 - V 2 \ + 2^ - V86/2 + 4y 3 2 + 4y 4 2 - 2y 4 3 4 ) 
+ fl 5 (VA - 2Vl 2 - V 3 \ - V^/2 - 2V 2 \ - 2V 7 \ - 2Vg) 
+ fU-2Vi + V,\ + V 2 \ - 2V 5 \ - V 8 \/2 - 2V 2 \ - W 2 2 - 2V&) 
+ fhiVj + Wl 7 + 4V1 1 , - 4^ - W 2 \ - V 2 \/2 - 2Vi 2 + V 8 \/2 + 4V, 2 - 4F 4 2 - 4F 5 2 

+ W 2 2 -2Vl 7 ) 

+ / 4 1 s(-4Vl 1 8 + W 2 \ - Vl 2 + 8V 5 \ - W 2 2 + \V 2 3 + 4V 6 2 - W 2 8 - 2Vg) 

+ flM ~ + V 3 \/2 - 2Vi 5 - V4/2 - 4y 4 2 + 4V 2 5 - 4V 2 3 + 4F 5 2 - 2F 4 3 9 ) 
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+ /5o(^i3 + ^17 ~ 4V? 9 - Vh. + ^8 + 2^ 5 - V^/2 + 4V* - W 3 \ + 4V 6 2 - - 2V^) 

+ /si (4^7 - 4^ + + - + V&/2 - V 9 \/2 - 4V 3 2 7 - AV 5 2 2 - 2V&) 

+ - 2V? 8 + 2V& + V 5 \ + v£ 5 - V 5 \ - V 6 \ + + V 6 \ + V&/2 - V^/2 - W 2 9 

+ 4v 4 2 +4v 6 2 -4y 6 2 -2y 5 3 ) 

+ fh(-Vj - 4^7 - 4V* + 4V* + 4^ - 1&/2 + 2^ 6 + V 91 /2 + 4V 3 2 7 - 4V 2 - 4V 5 2 
+ 4V 2 -2V 5 3 ) 

+ fU-Vi/2 + V^/2 + 2V* + 2^ 8 - 2V& - 2V 2 \ - V 5 \/2 + V* - V 6 \ - V*/2 + 

+ 4V 2 - 8V 4 2 + 4V 4 2 - 4V 6 2 + 4V 6 2 + 4V 6 2 - 4V 6 2 - 2V 3 ) 
+ fUViz + 4^17 + 4^ 8 - 4^ - 4V 1 , + 2V& - 2V^ - 4V 5 \ + V 6 \ - 2V 9 \ + 2V 9 \ - 4V 2 2 

+ 4V 2 2 -4V 6 2 +4V 7 2 -2V 3 ) 
+ / 5 1 6 (-2V1 1 3 + V ± \ + V 3 \ + 2^ - V/ 06 - 2V 3 2 - 4V 7 2 - 2V 3 ) 
+ fh(Vi\ + 8^7 + SV& - 8V& - 8V& + V 3 \ - 2V£ 3 - - 2V 2 - 4V 2 - 2Vi 7 ) 
+ fUvi/2 - 2V& + 2Vl 7 - 2V/ 9 - V 2 \/A + V 2 \ + 2V£ 8 - V 6 \ + V 8 \/4 - Vi 9 /2 + 2V 2 

~ - 2V 3 ) 

+ fUvi - 2V? 8 - V*/2 + + 2V* - V 9 \/2 - 2V 2 2 + 2V 2 % - 2Vi 9 ) 
+ fUvh ~ 2^16 + V 3 \ - 2V£ % - V* 07 /2 - 2V 4 \ + 2V 2 - 2V 6 3 ) 

+ fatyh - 2V? g - - Vl + V A \ + V 4 \/2 + 2Vi 6 - V^/2 - 2V 3 \ + 2V 2 5 - 2Vl) 

+ fUVi\/8 ~ + y/ 8 - V 5 \/2 - 2V 5 \ + V£ 7 - V 5 \ - V 5 \ + Vi - V 6 \/2 + V 6 \ + VgV/2 

- V 9 \/2 - V 9 \/A + F/oo/4 + 2lf 9 - 2F 5 2 - 2V 6 3 2 ) 

+ - V/o - - ^ 8 + V 2 \ + V 5 \/4 + Vi 2 + V 5 \ - Vi + Vi 3 /4 - V 6 \/2 

+ V 9 \/2 - - 2y 3 2 + 2V 2 , + 2V 2 5 - 2V 2 6 - 2V 6 %) 

+ fU-Vi + V,\ + 2^ - 2Vl 9 + V 4 \ - V 5 \ + V 6 \ - V 9 \ - 2V 2 7 - 2V 2 9 - 2Vi A ) 
+ /65(-2V^ 1 1 - Vl + 2V 5 \ - 2V 5 \ - V9V2 + K,\/2 - 2K, 2 + 2T/ 3 2 - 2V 7 \ + 2V 2 2 - 2V 6 3 5 ) 
+ fLi-^i - VA/2 + 2Vf 7 + 2^ + ^9/2 + 2F 3 2 - 2F 3 2 - 2V 2 7 + 2F 3 2 8 - 2y 4 2 + 2y 4 2 

+ 2y 4 2 -2y 4 2 -2y 6 3 ) 
+ fl 7 {V ( } - 2V 2 \ + 2V 2 \ - vl 7 + 2V 5 \ - V9V2 - 2y 3 2 - 2y 7 2 - 2y 6 3 ) 
+ fM/2 - V 2 \/2 + V 2 \ + V 5 \/2 + V 5 \/2 - V 6 \ + ^ - y/ 02 - 2F 5 2 + 2F 5 2 + 2F 5 2 

- 2V 6 2 - 2y 6 2 + 2y 6 2 + 2V 6 2 - 2F 6 2 - 2V 6 3 ) 

+ fm{V 2 \ + Vl 7 /2 - 2Vi 7 - yAo/2 + 2V 2 7 - 2V 2 8 + 2V 2 6 - 2V 2 7 - 2Vi 9 ) 

+ /7o(^22 + 2^3 + Vi 5 + 2Vi 7 - FAo/2 - 2V£ + 2y 3 2 7 - 2y 4 2 + 2K 2 - 2V 7 \ ) 

+ fn{V 2 \/2 - V 2 \/2 - V 2 \ + Vi 9 - Vi - V 6 \/2 + - V 6 \ + V^/2 - V^J2 

- 2V 2 7 + 2V 2 + 2V 6 \ - 2V 6 \ - 2V 7 \) 
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+ fh(YA - V 2 \ - 2V 2 \ + V 4 \ - V 4 \ + 2Vi 8 - + FAo/2 + ^1 ~ ^1 ~ 

+ fUvi/4 + V 2 \/2 - V 2 \ + V 5 \/2 + - Vi - V 6 \/2 + - V^ 2 + V^/2 

- 2Vi 7 + 2V 2 9 + 2Vl - 2V 2 A - 2V 7 %) 

+ fh(-V<t/4: + V/o + V 2 \/2 - V 2 \/2 - 2V 2 \ + 2V 2 \ + v£ 7 + V 5 \ - - V 6 \/2 + 2V& 

- V^/2 + y/ 04 /2 + 2Vi 7 + 2V 2 4 - 2V 7 \) 
+ fh(-2V ( } - 8V 9 \ + W 9 \ - W 2 9 - W 2 7 + V 8 \) 

+ /76(-2^92 - 4^ + 8^04 + V& - 2V 2 2 - 2V 2 3 - 2V 2 4 - 2V 8 \) 

+ fhi-Wu + 8^ + 2V& - 2Vl 2 + + 4V 5 \ - 4V 5 \ - AV 7 \ - 4V& - W 9 \ + 3V 9 \ 

+ fU~V 3 \ + V 3 \ - W 4 \ + 4V* + 8V 5 \ - 6V& + 2V 7 \ - 2V 7 \ + W 8 \ - 12V 9 \ + 12V 9 \ 

- 2V 7 \ - V 2 8 + 4V 5 3 5 + 2V^ 5 3 6 - 2Vi 7 ) 

+ fU-Wh + 4^18 " ^37/2 - + + 2V& + 2V 5 \ - 2V 5 \ - 2V 6 \ + 2V 6 \ + 2V& 

+ Wk + V 7 \ + 2V 8 \ - 2V 8 \ - W 8 \ - 3V 9 \ + 3^ + 2V 7 \ - 2V 7 2 7 + 2V 8 2 7 

+ 2V&-2V&-4V&) 
+ /8o(-^38 " Vi 2 /2 - V 4 \ + Vl % + V 4 \/2 - AVi 2 + V 5 \ - V 5 \ + 2V& - 2V 5 \ - 2V^ 9 

+ 2Vi - V 6 \ + Vi 2 + QV 6 \ + 2V 7 \ - 2V 7 \ + 2V& + V 8 \ - V 82 - 4V 8 \ - 3V 9 \ 

+ 3^8 - V 7 2 7 - V 8 \ + V 8 2 7 - 2Vi 2 + 2Vi - 2V 6 \ - 4V 6 %) 
+ fL(Vl 5 - Vi 7 /2 + 2V 5 \ - 2Vi - V 6 \ + V 6 \ + 2V 6 \ - 2^ + V 8 \ - + 3^ 

- V 2 2 - V 8 \ + 2Vi 9 - 2V 7 3 - W 7 \) 

+ /8 2 (^o/2 + - 4V 5 \ + V 8 \/2 - 2V 9 \ - AV 9 \ + V? u - W 7 \ + W 2 7 - W 2 8 + W 2 9 

- 2^2) 

+ /83(-2^3 1 - 4^ + 16^ - 16^ + IW 9 \ + V^s - ^3/2 + W 7 \ - 2Vg) 

+ fhk-Vw ~ ^30 + 2^35 + 2^39 + 8^9 - 8^ + 8V 9 \ - 8V 9 \ + 2V? 06 - V^/2 - 2V 2 

- 2V 2 8 - 2Vi 4 ) 

+ / 8 1 5 (2y 3 1 1 - 2V 3 \ + 2V 4 \ + 4^3 - 4V 4 \ - 2Vl 7 + 8^ + 4V 9 \ - AV 9 \ + 2V^ 9 - 2V? W 

-V 1 \ 4 -4V 2 6 + AV 2 7 -2Vi 5 ) 
+ fL(W 2 \ - V 27 + 2V 3 \ - V 3 \ - 4V 5 \ + AV 6 \ - V 8 \ + 2V 9 \ + 2V 9 \ 

+ Vl ll + 2V 7 \-2V 2 l -2Vi 6 ) 
+ fh{V 3 \ + V 3 \ - V 3 \/2 + Vl 2 - Vl 8 - 2^ - Wi 7 + 4Vi 9 + 2V& + 2V 9 \ - 2V? 01 

- 4^ + 2^ + 2^ - V4/2 + V^/2 + 2V 7 \ - 2V 2 7 + 2F 8 2 2 - 2F 8 2 3 - 2V 8 3 7 ) 
+ fis(V 3 \ - V 3 \ - 2V 3 \ + 2V 3 \ - Vl 2 - 2V 4 \ + 2V 4 \ + V 4 \ + 2V 5 \ - 2V 5 \ + 4V 5 \ - W 5 \ 

- 4V 5 \ + 4^ - 2V 6 \ + 2Vi 2 - 2V 9 \ + 2V 9 \ + V^ 7 - V,\ 4 + 2V 2 7 + 2F 8 2 3 - 2Vf 8 ) 
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+ fk>(-V& + V 2 \/2 + Vi 3 + Vi 2 - Vi 8 ~ + 4^ 9 + V&/2 - 2V 9 \ - 2V? 01 + 2V 1 1 04 

+ V& 2 /2 - 2V 7 2 8 + 2V 7 \ - 2V 8 \ + 2Vl - 2Vl) 
+ / 9 1 o(2F 2 1 8 + 2V 3 \ + Vi 2 - w£ 7 + Vi 9 - W 9 \ - 2V? 01 - 2V 7 \ + 2V 8 \ - 2V 9 %) 
+ fki-W* - 8Vi + 8Vi 5 - 8Vi & + 8Vi 9 + 32Vi 9 - 32V£ + 32V& + 2V& + AV 7 \ 

- 16V 7 \ - 8V 7 \ - 6^ - 24^6 - 3^\ 3 - V? 1S - W 8 \ - 8V 8 \) 
+ fh(8VA - 8V 3 \ - 8V 3 \ + 8V 3 \ + Wl - 4V& + 8V& - 8V^ - 8V& + 8V& - 

+ 4V& + + 8V 5 \ - 8V 5 \ + 16V£ 7 - 16V 5 \ - 16V 5 \ + 16^ - 8V 6 \ + 

+ 4V 7 \ + 2V 7 \ - 8V 7 \ - 16V 7 \ + 16Vi + 8V& - 8Vi 2 - 12V^ 07 - 12V? 09 + 12V^ W 

The variations which depend on the Ricci tensor, the scalar curvature and the field equations of 
the Majorana gravitino are neglected. As explained in the sec. El these terms are cancelled by 
modifying the supersymmetric transformation rules of the vielbein and the Majorana gravitino. 

4.3.4 8C[eR 2 $ {2) Dil) {2) ] terms 

Finally let us evaluate the variations of jC[ei? 2 ?/>(2)-DV'(2)]- The transformations of the terms in 
this ansatz are expressed as 

S^eR 2 ^...,^^ 

+ |(-l)^«4*-,A; , ^7 il -' i "5 2 ^ 1 (4-30) 
+ i(-l)Te(^4 m ... in Ji?^e 7 a: V 1 "- i ^ M . 

And it is practical to obtain all variations by employing the computer programming. The result 
becomes as follows. 

8C[eR 2 ^ 2] D^ {2) ] = 

+ f 2 (-2V 2 + 2V 2 - V 2 2 + - V 2 \ - V 5 \/2 + Vg/2) 

+ fi(V 2 3 + ^7 2 i/2 - V 7 \/2 + V* - V 2 \ - Vl/2 + V 6 3 5 /2) 

+ f!(-2V 2 Q - Vl - - Vfj2 + Vf 8 - Vl/2 - V 5 %/2 + V 6 3 7 /2) 

+ fI(V 2 \ + V 7 \/2 - Vf 2 - V&/2 + V& - Vl/2 - Vl/2 + v£/2) 

+ f!(-V 7 2 + V 2 - V 2 X + V 2 6 /2 - V 2 7 /2 - V 2 8 /2 + Vl/2 

~ Vi 3 6 - ^1/2 + Vg/2 - V 7 \/2 - V 7 \/2) (4.31) 
+ f$(-V? - V 2 7 /2 + V 2 9 /2 - Vf 2 /2 - V 2 % - V 3 9 /2 - V 7 \/2) 
+ fiiVl/l ~ Vl/2 - V 7 \/A + V 7 3 /4 + Vfj\ - Vl/8 - V^/8) 
+ /K-Vfs " Vl/2 - 2V 2 \ + y 2 3 3 /2 + Vg/A - V 5 %) 
+ /K-^iT " nl/2 - 2^ 3 i + ^ 3 3/2 + nl/4 - Vg 9 ) 
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+ f?o(Vi - Vl/2 - V&/2 + V 3 + V 3 - V 2 \ + - ViJ2 - V$ x /2) 

+ /n(-^i 2 6 " Vh/2 - V&/2 + lf 7 + V& - V 2 \ + Vl/2 - Vi /2 - V e \/2) 

+ fu(Vi - Vll2 - Vf /4 + Vf 7 + Vf g - K 3 + y 4 3 9 /4 + - V 6 3 /2 - V&/2) 

+ fU-v? 4 - Vg/2 - Vfo/4 + Vf 7 + V 3 - V 2 \ + y 4 3 9 /4 + y 5 3 /4 - y 6 3 /2 - V 6 3 /2) 

+ fU-V?-V 2 \/2-2Vi-Vl) 

+ fU2V? 7 - 2V? 8 + 2V 2 - V4 2 3 - 2V 6 2 + 2y 6 2 4 - V 7 \/2 + F 7 2 /2 - V 6 3 + V 8 3 /2 

+ F 9 3 /4 + Vfo/2 + F 4 3 /2 + F 4 3 /4 + V 3 + V 5 3 + Vf 5 /2 - Vi A - Vi 2 /A + V 8 3 /4) 
+ fU-V^ + V 2 \ - V 2 \/2 + V 7 2 - V 7 \/2 - Vl/A + Vi - Vi/2 - V 9 3 /i - V? /2 

- y 4 3 /2 - F 4 3 /4 - vi 2 - V 5 \ - V 5 \/2 + vl + V 8 % /4 - V 8 3 6 /4) 

+ fi 7 {2V? 7 - 2V? 8 + 2V 2 + 2V 5 2 6 - 2V£ 2 + 2V 6 2 - Vg + V£ 7 - V 8 \/2 + - 2V 6 3 

+ v 3 - 2V 3 + y 5 3 + y 5 3 + 2v 5 \ - v 6 \ + 2V 6 3 + 4v 6 3 + vi 7 + v 8 3 /2) 

+ /i8(-2^ 2 | + - V 2 2 5 - 2y 6 2 9 + 2V 7 2 + F 7 2 /2 + V 8 \ /4 + V, 3 /2 - F 7 3 - V 8 3 

- K?/2 + Vg/2 - Vg - V 3 7 /2 - Vi 3 /4 + ViJA) 

+ /iWo + ^is - v il - villi - y e \ + v 6 \ + V 7 \/A - V 7 \/A - V? 5 /2 + y 2 3 /2 + y 4 3 7 /4 

- V 5 %/2 + V 6 % + V 7 \ - V 7 % + V 7 \ + V 9 3 /A) 

+ fU-v 7 2 + vi + F 2 + v^ - vi 9 + v 2 \ - V 2 2 2 - V 5 \/2 + vl 12 + y 6 2 

- + v-^/2 - y 2 3 /2 - f 4 3 /4 + vf 8 /2 - v 6 3 - y 7 3 + v 7 % - v 7 \ - y 9 3 /4) 

+ /| 1 (-2y 4 2 + 2F 6 2 - V 3 2 6 + 2Vl - V 7 2 7 /2 - V 5 3 + V 3 + Vf 2 + - 2V 3 

- 2F 17 + 2V 2Q + 2^1 — V 22 — V 2 \ — Vi 2 — V 6 3 — 2V 6 3 2 — V^g — Vi 9 
+ V 7 % -Vs%/2 + Vis/2) 

+ / 2 2 2 (2V 7 2 - 2F 8 2 - 2K 2 - 2Vi + 2Vi - 2V ± 2 8 + 2lf 9 + 2y 2 2 - 2F 2 2 + 2V 2 2 - V 5 \ 
+ 2V 5 2 - 2F 6 2 + F 8 2 /2 - F 8 2 /2 + vi - V^ - V 3 - V& + 2Vi 6 + 2y 3 7 - 2lf 

- 2F 2 3 + y 2 3 + F 2 3 + V 5 % + V 6 3 + 2F 6 3 2 + V 6 3 6 + V 6 % - V 7 \ + V 8 %/2 - Vis/2) 
+ / 2 2 3(-2^ 3 2 + 2Vf - y 3 2 6 + Vis + 2V 4 i - V 7 \/2 - Vi + F 3 /2 + F 12 - 2F 3 - 2V 3 7 

+ 2V£ + y 4 3 9 /2 - Vi 2 - Vi A - V 6 3 - 2V 6 % - 2Vg - Vg - V 7 l + 2^1 + 2F 7 3 

-^8 3 5/4 + ^ 3 7/2 + ^8 3 8/2) 

+ / 2 2 4 (-2^ 2 + 2V1 2 ! + 2y 2 2 - y 5 2 + 2F 5 2 + y 8 2 /2 + V 6 3 - Vi/2 - Vi 2 + 2Vi e + 2Vf 7 

- 2^ - lf 9 /2 + Vi 2 + V 5 \ + V 6 3 + 2y 6 3 + 2y 6 3 + V 6 3 + V 7 \ - 2V 7 \ - 2V 7 \ 
+ Vi,/A-Vi 7 /2 -Vis/2) 

+ fU-Vi/2 + Vi 2 - Vi + Vi 7 - Vis + + ^ 8 2 o/8). 

Now we obtained all the variations of the ansatz. 
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4.4 Summary 



As this section is quite long, let us briefly summarize the results obtained so far. The ansatz 
for the higher derivative effective action is given by the sum of the eqs. (|4.5jl . I|4.7jl . (|4.9|) and 



A = C[eR 4 ] + C[ee u AR 4 } + C[eR 3 ^ {2) ] + C[eR 2 $ {2) Di; {2) }, 



(4.32) 



which contains totally 132 terms. The variations of the ansatz are expanded by the 264 bases 
of V[eR 4 eip}, V[eR 2 DReifj^)] and ^[e-R 3 e£>V'(2)]) which are given by the eqs. $~Tty . (grig)) and 
(|4.19f) respectively. The terms of V[eR 4 eip] and V[eR? eDi/j^)] are related by the 20 identi- 
ties (|4.2()|) . The results of the variations of the ansatz are expanded by the 264 bases as the 
eqs. (|4.24|) . (|4.25j) . (|4.29j) and (|4.31j) . Notice that these variations do not contain terms which 
are proportional to the field equations. Thus the sum of them is just the variations V defined 
in the eq. (|3,6|) . 

20 

V = 5C[eR 4 } + 5C[ee n AR 4 ] + 5C[eR 3 ^ {2) ] + ££[e# 2 ^(2)^(2)] + ^ ^n- (4.33) 



n=l 



The 20 identities are also included. 

The requirement of the local supersymmetry insists that all coefficients of the bases should 
vanish, which gives 264 simultaneous equations. For this purpose, we arrange the variations as 



V 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 



b\+2f 2 \)V 1 1 

-b\/2 + b\ + 2/ 2 1 5 + 2/ 2 1 6 )l/ 2 1 

-b\/8 - 6j/4 + 6^/8 + 2/ 2 V + ti 8 )Vi 

-bl + 2fi 5 )Vi 

b\ + b\ + bl/2 + 2/^ + /*, + 2/3^ + 2/ 3 1 7 )F 5 1 
&io/4 " - b\ 2 + 2/l 9 + fl + 2/ 3 1 1 )F 1 
-bl - b\ 3 + 2fl,)V 7 1 

-2f\ + 2fl + fa - fa + 8i 7 + Ai 12 + 2i 13 )Vi 

-2f 2 l - 2 fa + fa - fa - fa/2 + fa/2 + fa/ A + fa + fa/2 + / 7 V4 

- fa/A + 2i 8 + 4i 9 + 2i w + 2in - 2i l2 - i 13 + 2ii 5 + »i 6 + ii7)Vg 

-2/3 1 - 2/ 5 1 8 - ^3 + fa + 8iia + 4»i3 - 12i 17 )V? 

-8b\ + f\ - 6 fa + /| 5 + 2i 7 )t& 

-46 3 - /g 1 - 3 fa + 2/i - /i 4 - 2/| 5 + 2ia - 8*7)^ 

-46 3 - /1/2 + /7 1 - 3/^ + 2/*, + /| 9 + /i + fa - 2 fa 

+ 2ii + 2i 8 + 4i 9 + 2*i + 2i 1 i)V 1 1 3 



(4.34) 
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+ (4^ + fl + fl ~ 6/4 - 4/4 + fh + fl + fh - 4h - 4i 12 - 2z 13 )V 1 \ 
+ (b\ + 2b\ -b\ + fl + f\ Q /2 - 6/4 - 3/4 + fh - /| 9 /2 - Z4/4 + /J4/2 

+ /4 + fh + ~ fk/8 -is- 2i 9 - i 10 - iu)V^ 
+ (86^ + fh ~ 6/4 - 2/4 - /4 + 8ii2 + 41X3)^6 

+ (46^ + 2&i + Qb\ - 1464 + 2/4 - 4/4 + & - 2/4 + 6/4 + 24/4 + /4 
+ 4/4 + 4/4 + 8/4 - 8/4 + 4/4 + 4/4 + 4/4 - 4/4 + 2/4 + 4/4 + 8/4 
+ 2/4 - 8/4 - 4/4 + 4* 3 + 8*4 + 2* 5 + 4* 6 + 8i 8 + 16* 9 - 8i 12 )V? 7 

+ (46} + 46* + 2bl + 664 " 14^4 + 2/4 " 4/4 + 2/4 + 6/4 + 24/4 + 2/4 + 8/4 
+ 2/4 + 8/4 - 8/4 + 4/4 - 4/4 + 4/4 - 4/4 - 2/4 - 4/4 + 2/4 + 4/4 
+ 8/4 - 2/4 + /4 - /4 + 2/4 + 8/4 + 4/4 + 4* 3 + 8i 4 + 8*10 + 8i u - 4n 3 )V4 

+ (-664 + 14&4 - 2/4 + 4/4 - 6/4 - 24/4 - 8/4 + 8/4 - 4/4 - 4/4 + 2/4 

+ 4/4 - 2/4 - 4/4 - 8/4 - 2/4 - 2/4 - 2/4 - 4* 3 - 8*4 - 8* 8 - 16* 9 - 8i w 

-8ni + 8n2 + 4n 3 )v4 

+ (-46} - 86^ _ 6fe i o + M6 i i + 46 i 3 _ 2/ i 3 + 4/ i 4 _ f i 7 + 2/ i g _ ^ _ 2/ i 3 

- 6/4 - 24/4 - 3/4 - 12/4 - 3/4 " 6/4 " 8/4 + 8/4 - 4/4 + 4/4 

- 4/4 + 4/4 - 4/4 + 4/4 - 2/4 - 4/4 - 8/4 + /4 - 4* 3 - 8*4 ~ 2i 5 

- 4* 6 - 8i 12 - 4n 3 )^20 

+ (-26} - 2bl -bl- b\ + 64 + 1664 + 2/4 + /4 + /4 " 12/4 " 3/4 - 3/4 

+ 4/4 - 4/4 - 2/4 - 2/4 - 2/4 - /4/2 + /4 + /4/2 + /4 + /4/2 + /4/2 

+ 2* 3 + 4* 4 + 12ii4 - 3zi 6 - 6*17)^1 

+ (64 - 64 - 1664 - 2/4 - /4 + 12/4 + 3/4 - 4/4 + 4/4 + 2/4 + /4 + /4 

- /4/2 - /4 - /4/2 - 2* 3 - 4* 4 + 8n 5 + 4ii 6 + 4h 7 )V 2 \ 

+ (-86} - 4b\ + 2b\ + 464 + 2/4 + /4 + /4 " 12/4 " 3/4 " 3/4 + 4/4 " 4/4 

+ 2/4 - fh - Vh + 2*5 + 4i 6 + 8*i 5 + 4*i 6 + 28i 17 )V 2 \ 
+ (86} + 4&i + 26^ _ 2/ i g _ ; i 6 + 12/ i 2 + 3/ i 3 _ 4/ i 2 + 4/ i 3 _ 2/ i 2 _ f i 3 + 2/ i 4 

- 2*5 - 4* 6 - 24*'i 7 )y 2 1 4 

+ {-fh + 2/4 - /4 + 4*7 + 2*19 + 2*20)^ 

+ (fh ~ /ir/2 - /4/4 - fh + /4/2 + * 8 + 2* 9 - *i2 - i M - i2 )V 2 \ 

+ (/4 + 2/4 + 4^2)^4 

+ (/|/2 + fL ~ fh ~ 4/4 + 2iis)V4 

+ (/g/2 + f 27 + /4/2 - 2/4 - fh - 8/4 + i2 + 4*i8)^30 

+ (-/1/2 - fh + 2/4 + fh + 8/4 " 2*19 + 2*20)^31 
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+ (fl/2 + fl/2 + fa - 2 fa + + f£ 7 - fa - 8fa + 2n + 2i ig - 2i 2Q )V^ 2 

+ (fh + 2/29 + /s7 " 2/88 + /«> " 8^2 " h + 2*19 ~ 2i W )V^ 

+ (fh + Vh + 2/90 - ^5)^34 

+ (/r/2 + fa/2 + fh - fa + 2fa + 8/^ + i n - ^s)^ 

+ (/s/2 - /2V2 - + fa - 4 fa - 8/^ + n + 2i 7 + 4i 18 )V& 

+ (/io/2 + /2 8 + /i 9 /2 - /re/2 - /86 " /87/2 - 2i 2 - * 8 )^7 

+ (/1V2 + /I5 + fh ~ fh + 2/88 + 8/92 + 4il2 " 4*19)^38 

+ (fa/2 + fa - / 5 V2 + / 5 V + fa + 2/J4 + 8/^ + i 4 - in - 4ii 8 )y 3 9 

+ (fa/2 + fa + / 5 \ + 2/ 7 V + i 6 + 2i 11 )V 4 1 

+ (-/2V2 - /3V/2 - $5 " /ee/2 + 2/J5 + 4/ 9 1 2 - 4i 14 - 2i 15 + 2^)^ 

+ (~/23/2 + /37/2 _ /48 ~~ /50 ~~ /59/2 _ /6l/2 ~ 2/y 7 - /yg - /g /2 + fa 

~ fh + /89 + fh ~ 4/92 + 2*8 + 4z 9 - 2i 20 )Vl 
+ (-fa/2 - fa/2 + fa + 4/^ + 8fa + 2i 6 + 4i 20 )V& 
+ (-fa/2 + fa/2 - fa - fa - 2 fa - 8 fa + i 5 + 4i 19 )Vi 4 
+ (-/20/2 - fa/2 + fa - fa + fa - A fa - 8 fa - 4i 15 - 4i 20 )V^ 
+ (-/21/2 + fa/2 + /59 + /ei + fh + 2/! 8 + 8/^2 " 4ii2 - 4i 19 )V^ 
+ (-/12/2 " /ab/2 " fh + / 6 V2 - / 8 \/2 - 2 fa - 4 fa + 2i 4 + 2i 15 - 2*20)^47 
+ (-/I3/2 + /3V2 + fa + / 6 V2 + /79 + /so/2 - fa + fh ~ fh + 4/9*2 

+ i 3 - 4i 9 + 2i 2 o)^48 
+ (2^ + fa - 4 fa + 8 fa + 32/g 1 ! - 4ii + 2ti 3 - 16ii 8 )^ 
+ (2/] 4 - 2/^5 + 4 fa - 8 fa - 32 fa - 8i 7 + 4i 10 + Wi 18 )Vh 
+ (-2 fa + fa - fa/2 - fa/2 + fa/ '4 + 2/ ra - 4i 9 + 2i 10 - iis)V 5 \ 
+ (-2/ 6 1 2 + /63 " 4/^0 + 8 fa + Wfa - 4i 13 + Siao)^ 
+ (-4/^5 - /^ + 8/^ - 4& + I6/J3 + 32/^ + 8i w - 2i 13 - m 18 )V 5 \ 
+ (8 fa + 2 fa + 16 fa - Wi 8 + 8i 12 )V 5 \ 

+ (2/si + fh + 2 fa + 2 fa + / 6 V2 + #3/2 + 4 fa + 2/ ra + fa - 4 fa - 2 fa 

+ 2fa + 8 fa + 4iio + 4i n + 4ii4 - he + 2i 17 - 4i 19 )Vh 
+ ( — 2 fa — fh + 2/53 + fa — 2fh + fa/2 + /7 3 /2 — 4/77 — 2/79 — fa — 2fh 

- 8 fa - 4i u - 4i 15 - i 16 + 2in + 4i 19 )Vh 
+ (fh + fh + 2fa - 4/ 8 V + 4/! 8 - 4/^9 - 4 fa + 16/^2 + 4ii3 + 12»i 7 + 8130)^57 
+ (2/58 " fh + fh + fk ~ 2fa - 4 fa - Wfa + 8i 12 + 12i 17 + 8i 19 )V 5 \ 
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+ (-/62 + fn ~ fh ~ 2/80 + 2/4 + 4/4 - 4/4 + 4/4 - 16/4 
- 4ii3 + 4zie - 8ii7 - 8i 2 o)^ 5 g 



+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



fk - fk - fn - fk + 2/so - 2/s 1 ! + 4/4 + 16/4 " 4iie - 4nr - 8ii 9 )t& 
/s2 ~~ /n/2 — /73/2 ~~ 2/4 — /J-Q — /4 + 4/4 + 2/4 — 2/4 — 8/4 
4n - 2n 6 - 2ii 7 + 4^9)^ 

2/4 + fk — /s4 — /58 + /n/2 - /4/2 + 2/4 + /4 + /4 + 2/4 + 8/4 
+ 4i s - 4ii2 + 2zi 6 - 4zi7 - 4ii 9 )V& 

/4/2 + /4 + 2/4 - 2/4 + /4/4 - 6/4 - 4i 10 + 2ni + ii 3 )^ 
/52 " /6 2 /2 + /4 + 2/4 + 4no)^ 



"63 

t/ 64 

-2/4 + 2/4 - /4/2 + 4/4 + Ai 8 - 8i 9 - 2i 13 )V 6 \ 

#6 



-2/4 + 2/4 + /4 + 6/4 - 8ii 2 + 4i 13 )V& 

2/4 - /4 - 2/4 + 2/4 - /4 + 2/4 + 2/4 + 8i 14 - 8i 15 - 2i 16 + 16i 17 )V£ 7 
2/4 + fk + 2/4 + /ra + 8*14 - 2ne + 4i 17 )V& 

— /4 + 2/4)^69 
-/27 + 4/4)^70 
-/25 + 4/4)^71 
— /29 + 2/4)^72 
/32 ^73 
"/26 + 2/4 -16/4)^74 
~~ /28 + /to) ^75 
— /4 + 2/4 — 8/4)^76 
— /31 ~~ 2/4 - 8/4)^77 
-/34- 4/4)^8 
/ 3 3 ~~ 2/4 — 16/4)^79 

fk + 2/4 ~~ 2/4 + 16/4)Vgo 
/30 + 2/4 + fk + fk + 8/4)^81 
fk ~ 4/4 ~~ 2/4 — fk ~ 8/4)^82 
+ 4/7W3 

-4/ 8 1 V 8 1 5 

+ (/4 - / 4 4/2 - /4 - 2i 7 + ii 9 )*& 
+ (/sq " fk/ 2 + /8 2 /2 + is ~ 2ns)V4 
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+ (/id + /lr/2 + /4/4 + /4/2 + ^8 - »i2 + i2o)Vi 8 

+ (/4 1 2 -/58/2 + / 9 1 + 2212)^9 

+ (/ 5 \/2 - /4/2 - / 6 V/2 - 2/4 - 3/4 - in + i 14 )V& 
+ (-/ 5 1 1 /2 + /4/2 + /4/2 + 3/4 - * 14 - iis)^ 

+ (-/ 5 y 2 -2/ 7 1 6 -2i 12 )y 9 1 2 

+ (2/i - 2/4 + 2/4 + 8ti 8 - 2ii 9 )V^ 
+ (2/J 3 -2/ 8 1 9 -4/ 9 1 -4i 20 )l& 

+ (-2/4 - fa - 12/4 " 16/83 + 8/84 " 4iio + 2*13 + 16*18)^95 

+ (2/4 - 8/4 + 12/4 " 4/4 + 16/4 " 8/4 + 4ii„)V& 

+ (/4/2 - 3/4 + 4/4 + 2/4 - 2/4 - 2* 13 - 4,20)^97 

+ (-/6 2 /2 + /4/2 + 3/4 - 4/4 + 2/4 + 4* 19 + 4i 2 o)K,8 

+ (/m/2 " /6 2 /4 + 4/4 - 3/4 + 2/4 - 2* 10 + i 13 - 2*i 9 )K, 1 9 

+ (-/5V2 + Z4/2 + /4/4 - /4/4 + 3/4)^oo 

+ (-/4/2 - 4/4 - 2/4 - 2/4 - 2/4 + 6»i7 - 4»ig - U^V^ 

+ (-/es - fh - 4/4 - 2ne + 4*i 7 - 8*19)^.02 

+ (/4/2 + /4/2 - 3/4 + 2/4 - 2ii 6 - 2* 17 + 4*19)^3 

+ (-/4/2 + /4/2 + 8/4 + 3/4 + 2/4 + 2/4 + 2iie - 4*i 7 + 4i 19 + 4^0)^4 
+ (-/4/2 + /4- 6/4-^)^4 

+ ("/56 " fh + 2/84 " 24/4 + hi + 4*18)^06 

+ (-/4/2 - /4/2 + /4 - 12/4 + 2*12 + 2*19)^07 

+ (-/4/2 - /4/2 - /4/2 - * 8 - 2* 9 - i 19 )V^ 

+ (/4/2 - /4/2 + 2/4 - 12/4 " 2*14 - 2*20)^109 

+ (-/4/2 - /4/2 + /4/2 - 2/4 + 12/4 " 2*15 + 2*20)^10 

+ (/s2 + fm + 4ns + ng)^! 

+ (/4/2-*2o)Vl 1 12 

+ (-/4/2 - /4/2 - 3/4 + * 18 )v- 113 

+ {-fh + /sV/2 " /4 " 6/4 + *19 " »20)^i 1 i4 

+ (bi - fliWhs 
+ (b 2 2 - fa)v? 16 

+ (-326^ - 4bl + 8/i - 2/ 1 - fa)V? 

+ (-b\ + 2b\ - 7b\/4 - 36 5 + bl- 2f) ~ 4/9 1 - / 2 2 5 /2)y 2 2 

+ {-Ab\ - %b\ + b\ + 4b\ - Ab\ - 4/ 1 + 8/4 + ff 2 - 2fl 3 )Vi 



41 



+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 



-Ab\ + 8b\ - b\ - Ab\ - Ab\ - Afl - 8/ij - 2/ig + / 2 - 2f 2 2 1 )V 4 2 

_ 66 i _ 2b\ + b\ + m\ 2 + Afl 2 + Afl 6 + 2/ 2 1 + 2/| 3 )V 5 2 

2b\ - 3bl - 16b\ 2 - 2b\ 3 - Afl 2 - 2fl 6 - 2/ 2 1 + 2fl)v£ 

2b] + 2b\ -b\- 2b\ + 26^ + 166l 2 - 8/, 1 + 8/^ + Af% - 2f\ 6 - 2/ 2 1 - 4/^ 

- 2A 2 - /| - /lo + Vh)V? 

2b] + 2b\ -b\ + 2b\ Q - 26^ - 166j 2 " 4&1 3 - 8/n - 4/i; + 2/i 6 
+ /|- 2/ 2 2 2 - 2/ 2 2 4 )y 8 2 

26 7 - 6* + 26i - 26^ - m\ 2 - 2b\ 3 + 8/* + 2/j - 8/i - Afl 5 + 4/^ 



+ 2/ 1 2 + / 2 2 - 2/ 2 2 )K 2 



22 

9 

3^1 o^-l ^ j?l o.r2 f 2 , ^-2 , £ 2 o f 2 m, 

10 



2&J - 2b\ 1 - ?>2b\ 2 + 8/, 1 - - 4/ 1 , - 2/f - /| + / 2 9 + /f - 2/| 2 )^ 
2b\ + b\- 2b\ G + 26^ + m\ 2 + 26*3 + 2fl + 8/^ - 2/^ - /f + 2/| 2 + 2/lJV 2 
6 7 + 26* + bl/2 + 2b\ - 46^ - 6l 3 - 4/ 1 , - 2/ 1 1 8 + /| 5 )^ 2 2 
26* - Ab\ -b\-b\- bl/2 - 2b\ + 4&h + 4/1 + 4/^ - / 2 2 5 )F 2 
26* + bl + 2b\ - Gbl + 26*3 - Afl + 4/ 1 1 3 + 2f{ 7 - f* 3 )V? A 
2b\ - Ab\ + b\- 2b l w + 66^ + 26^ - Afl - Afl 3 - 2f l l7 - 2/ 2 \ - Af 2 \ - / 2 )y 2 
Ab\ - 8bl + 2b\ + 2b\ + b\- 2b\ + 66^ + 4/ 1 - 4/ 1 1 3 - /^V 2 
46 2 + 86* + 26* + 261 + &9 + 2&1 " 6&h + 4/ 1 + 4/^ + Af] 3 - /| + 2/ 2 5 + 2/ 2 7 )V£ 
6 4 + Ab\ - Ab\ + 2b\ + 2b\ + b\- 2b\ + 66^ " 8/j - 2f\ + 8fl - 4/i 



17 

1.3 



~~ 2/15 — 2/ 2 7 + ff 9 + /|o - 2f 22 )V] 
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& 4 - 46* - Ab\ - 2b\ - 2b\ -b\ + 2b l w - 66^ + 8/, 1 - 8/^ + 4/^ - 2fl 9 
+ 2/15 + 2/f 7 — / 2 9 — /|o + 2f 22 )Vi 9 
-2b\ - 2b\ - 2b\ 3 - 2fl 7 + 2/| 2 + 2/| 4 )y 2 2 
\Ab\ + 6&J - 26j 3 - 8/, 1 + 2/^ + 2/^ + 4/^ + /| - 2/ 2 2 )V 2 2 
-Ab\ - Ab\ - 2b\ + 8/j + 2/j - 4/I3 - /|o + 2/| 2 )y 2 2 
-76|/2 - 66^ + 2b i + b i + 2b i + b i /2 + 2b i Q _ ^ _ b i g + 4/ i + ; i _ 8/ i 

- Afl, - 2fl 8 + /| + / 2 /2 - / 2 6 - 2/ 2 8 )y 2 2 

7&1/2 + 66^ - 26j - b\ - bl - bl/2 - 2b\ + 46^ - 4/ 2 x + 8/g 1 + Afl 

+ /4 2 -/7 2 /2 + /l 2 6 + 2/ 1 2 8 )F 2 2 
-46^ _ f l _ 2/ l _ f 2j 2 _ 

-8/ 24 - 2fl 5 - flj2)V 2 \ 
-4/Je- 4^ - 2/e 1 , + / 2 2 5 )F 2 2 7 
4/ 5 1 5 " / 2 2 5 )^ 
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42 



+ (-4/* 7 - 2/^ - 2/ 1 7 )V 2 2 9 

+ (4/*, + 2/* 4 - 4/* 7 - 2/ 6 1 5 - 2/* 7 )V 3 2 

+ (-2/ 3 * 4 + 2/ 6 1 5 )y 3 2 1 

+ (/2 1 6-2/5 1 6 + /l5/4)y 3 2 2 

+ (4/ 4 1 4 + 4/ 5 1 -/ 1 V2)y 3 | 

+ (-4/15 - 4/ 5 1 o - 2/g 1 ! - / 1 2 /2)y 3 4 

+ ( — /33 — /36 + 2/(56 — 2/y + 2/72)^35 
+ (/33 — 2/g 6 — /| x — /fs)^ 

+ (2/ 3 *o + fk + /36 + 2/sV " 4/s 1 ! + 4/^ - 2/^ + 2/* 9 + 2/ 7 * )V 3 2 

+ ( — 2/30 — /33 — 4/53 + 2/g 6 — 2/eg + /I^Vjjg 

+ (8/^8 - 4/* 2 + 4/* 4 + 2/6*2 - 2/ 6 1 3 )y 3 2 9 

+ (-16/^ - 4/ls + 4/^2 - 8/5*4 + 2/* 3 + 2/ 2 2 1 )V 4 2 

+ (8/ 2 1 8 + 4/ 5 1 4 + 2/ 2 2 3)V 4 2 

+ (-4/^ - 4/*8 " 2/5*9 " ftWli 
+ (4/4 1 4 + 4/ 4 1 8 -/ 2 /2-/ 2 5 )y 4 2 

+ (-4/2*5 - 4/| 9 - 2/6*0 - /i 2 i/2)^ 4 2 4 
+ (-4/* 8 + 4/ 4 1 9 -/ 2 3/2)V 4 2 

+ (2/i 2 - 2/^ + 2/* 9 + /|/2)y 4 2 6 

+ (-4/*2 + 2/ 6 *6 - 2/6*9 - 2/7*0 - /s 2 /2 - fl/2)Vi 7 

+ ("8/2*9 - 4/ 3 *2 + 4/i 7 + 2/* 6 - /|/2)V4 2 

+ (4/3*2 + 4/io - 4/ 4 * 7 - 2/* 6 + 2/ 7 * - 2/* 2 + ft 12 + / 6 2 /2)V4 2 

+ (4/3 1 2-2/! 2 + 2/ 5 1 8 )y 5 2 

+ (-8/* 9 - 4/* 7 - 4/* 3 - 2/* 8 - / 3 2 - / 2 9 /2 - / 2 2 /2)y 5 i 
+ (8/3*9 + 4/l 7 " 4/5*i + 4/ 5 *3 - fl + /lo/2)y 5 2 2 
+ (8/2*8 + 8/3*9 -4/ 4 1 9 -/| 4 )n 2 3 

+ (-8/2*8 - 2/3*5 - 8/3*9 + 4/49 + 2/6*0 - / 2 2) 17 54 
+ (2/3 1 3+4/ 4 1 3-2/6 1 2+2/ 6 * 3 )y 5 2 

+ ( — 2/33 — 2/3*6 — 4/ 4 3 — 2/53 + 2/i7) T/ 56 

+ (4/* 3 - 2/* 8 - 2/* 4 - 2/* 3 + 2/ 7 * 4 )y 5 2 

+ (-4/I3 + 2/ 6 1 8 mi 

+ (2/3*3 + 2/6*8 + 2/73 + 2/I2 + 2/| 4 )V5 2 9 

+ ( — 2/33 — 2/3*6 — 2/6*8 + 2/71)^60 
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+ (4/4 - 4/4 + 4/4 - 4/4 - 2/4 + 2/4)^ 

+ (-4/ 3 1 o " 4/4 + 4/| 3 + 4/4 + 2/4 - 2/ 2 5 - 2/ 2 7 - A 2 9 )V^ 2 2 

+ (8/ii + 4/| 3 - 4/4 + 4/4 + 2/4 + 2/4 - 2/| 2 )y 6 2 3 

+ (-8/4 - 4/4 - 4/4 - 2/4 - 2/4 - 2/4 + 2/4 + 2/4 + 2/4 + /4 + fl )Vi 4 

+ (-2/4 - 4/4 + 4/4 + 2/4 - /4)y 6 2 5 

+ (2/4 + 2/4 + 4/4 + 4/4 + 2/4)F 6 2 6 

+ (2/4 + fk + 4/4 + 2/4 - 4/4 + fh)y e 2 7 

+ (—2/4 — /33 ~~ /36 ~~ 2/4 — 4/4 — 2/4 — 4/4)^68 

+ (8/4 - 4/4 - 4/4 - 2/4 - 2/4)F 6 2 9 

+ (-8/4 - 4/4 + 4/4 + 2/4 + 4/4 + /4 + 2/ 2 8 )F 2 

+ (-/i 2 - 2/4 - 2/4 + /f/2 + fimv 7 \ 

+ (2/4 + /4 - 4/4 + 2/4 - /f/2 - / 2 6 /2)y 7 2 
+ (-8/4 + 4/4 - 4/4 - /7 2 /4)V 7 2 3 

+ (/26 ~~ /38 ~~ 2/4 + /l8/2)^74 

+ (-2/4 + 8/4 + 2/4)^75 

+ (2/4 - 4/4 + 2/4 - /| 3 /2)y 7 2 

+ (—2/4 — /4 + 4/4 ~~ 2/4 + 2/4 — /li/2)^77 

+ (-4/4 - 4/4 - 2/4 - 2/4 - /4/2 + &/4)V& 

+ (-4/4 + 4/4 + 2/4 + /4/2 - / 2 9 /4 - / 2 2 o/4)V- 7 2 
+ (-2/4 + /l 5 /8)^80 

+ (/76 - 2/4 - /4/4)^i 

+ (-2/4 - /4 + 2/4 - / 1 2 7 /2)F 8 2 

+ (—2/4 ~~ 2/4 + 2/4)^4 

+ (—2/4 ~~ fsi ~ 2/4)^84 

+ (—2/4 + 2/4 + 2/4)^85 

+ ("/so - 4/4 + /I2/2 + /| 4 /2)^ 8 2 6 

+ (-4/4 + 2/4 + /4 + 4/4 - /| 2 /2)F 8 2 

+ (/7 1 5-/7 1 8-2/4 + /4/4)^8 2 8 

+ (-2/ 4 1 -4/4 + /4/2)F 4 3 

+ (-2/1 - 4/4 + / 2 7 - fl + fl 2 )Vi 

+ (-2/e 1 - /4 + / 2 6 - 2/ 2 7 - /| 3 + /| 4 - 8h)Vi 

+ (-2/ 7 1 -2/4 + / 2 /4-/4)lf 
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+ (-2/1 + 2f\ % - 2f lA + / 2 5 /2 - flj2 - / 2 8 - 4n)lf 

+ (-2fl - 4/ 2 V + / 2 5 /4 - / 2 6 /4 - / 2 8 /2 - 4i 2 )Vi 

+ (-2/ij - 4/^ - / 2 2 /4 - / 2 3 /4 + fl/2 - fl/2 + / 2 7 + 8i 2 )Vf 

+ (-2/^ - 4/ 2 1 9 + - /| 2 + /| 3 /2 - /| 4 /2 + 2% Z )V& 

+ (- 2 /l2 ~ 2 /30 ~ fi ~ fl ~ /I/ 2 + /2 2 1 - /I2 + fl ~ fL + 8 U)Vi 2 

+ (-2/^3 + 2/3^ - / 2 /2 - fl/2 + fl - /| 2 + 4* 3 )Vf 3 

+ (-2/i 4 - 4/ 3 \ - / 3 2 /2 - /|/2 + /|/4 - 4i 4 )V 3 

+ (-2/^ - 4/^ - / 2 9 /2 + /| /2 + 2i 5 )Vf 5 

+ (-2/^ - 2/I3 - /| - 2/ 2 2 ! + 2/ 2 2 - 2/| 3 + 2/| 4 + 8i 6 )Vl 3 6 

+ (-2AV + 2/^3 + / 2 + fl + / 2 2 + / 2 3 - 2fl + 2/ 2 2 - 2/| 3 + 2/ 2 4 + 4i 5 )V# 

+ (-2/^8 - 4/^ + / 2 + /| + / 3 2 + fl - 4i 6 )Vf 8 

+ ("2/i 1 9 " 4/15 + /i 2 o + /11 + /12 + A 2 3 " 2/i 2 7 )Vl 3 9 

+ ( — 2/ 20 — 2/30 — /| + 2/21 — 2/^)1^) 

+ ( — 2/ 21 + 2/30 — 2/| — 2/| — / 2 — / 2 X — / 2 2 — / 2 3 + 2fl — 2/| 2 + 2/| 3 — 2/f 4 )V 2 3 1 
+ ( — 2/ 22 — 2/37 — fi — fi — fi/2 — fl + flWiz 

+ (-2/I3 + 2/3V + /f/2 + / 2 /2 + / 2 /2 + AV2 + / 2 9 /2 - / 2 /2 - + fl)V 2 3 3 

+ (-2/| 4 + A 2 5 /2 - / 2 6 /2 + 8i r )V& 

+ (-2/| 5 - / 2 4 + / 2 8 /2 + 4i 7 )V 4 3 

+ (-2/| 6 + / 2 5 /4 - / 2 6 /4 - 4i 9 )lf 6 

+ {-2f% + / 2 9 /4 - / 2 /4 + 4i 8 )V 4 3 

+ (-2/| 8 - 4/ 7 V + /|/4 + / 2 /4 + 4i 8 - Ai 12 )Vi 8 

+ (-2/| 9 + 2/^ + / 2 2 /4 + / 2 3 /4 + /| 3 /2 - / 2 4 /2 + 4 i8 )lf 9 

+ (-2/ 5 1 - 2/^ + / 2 2 /4 + / 2 3 /4 + / 2 7 + 8i 9 ) V 5 3 

+ (-2/ 5 \ - 4/ 7 V - ft/2 - /|/2 - / 3 2 /2 - fl/2 - 4i n )t& 

+ (-2/52 - 4/^ - 2/Jo + / 2 5 - / 2 6 + fl - fl + fl - fl + /I4 ~ 8 no)V 5 3 2 

+ (-2/I3 - / 3 2 /2 - f 2 j2 - 4i n )^ 5 3 3 

+ (-2fl + fl - fl + 2/ 2 7 - / 2 3 + fl - 8i w )V 5 \ 

+ (-2/ 5 1 5 + + /! 2 5 /2 - / 2 6 /2 - / 2 8 + 4no)y 5 3 5 

+ (-2/ 5 1 6 + 2/, 1 , - / 2 /8 - 2i n )V& 

+ (-2/ 5 V - 2/^ - / 2 /8 - &/2)V* 7 

+ (-2/^ - / 2 9 /2 + / 2 /2 - 8n 2 )^ 5 3 8 

+ (-2/ 5 1 9 -/ 2 -/ 2 + 8i 12 )Vf 9 
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+ ( _2 /60 + 2 fio - fio/ 2 - fill 2 - /12/ 2 - /13/ 2 ~ /21 + /I2 ~ /I3 + /I4 - ^12)^0 
+ (-2/ 6 \ - 2/Jb - A 2 /2 - - A 2 2 /2 - A 2 3 /2 - A^i 

+ (-2/ 6 1 2 - 4/ 8 1 + 2A 2 7 - 2A 2 i + 2A 2 2 - 2/| 3 + 2A 2 4 - 8*13)^2 

+ (-2/ 6 1 3 + 4A 2 7 - 2A 2 3 + 2A 2 4 - 8n 3 )^ 6 3 3 

+ (-2/ 6 1 4 -A 2 5 + /l 2 6-4n3)^ 6 3 4 

+ (-2/ 6 1 5 + A 2 /2 + A 2 / 2 - 4ii4 - 4i 15 )y 6 3 5 

+ (-2/ 6 1 6 + / 2 /2 - A 2 ! + A 2 2 - A 2 3 + / 2 2 4 - 8iu)v 6 % 

+ (-2/ 6 > + / 3 2 /2 + A 2 /2 + 4i 15 )V 6 3 
+ (-2/ 6 1 8 + A 2 9 - /fo + 4Ae - 8i l7 )Vi 8 

+ ( — 2/gg + 2/ 81 — /|/2 — /| x + / 2 2)^69 

+ (-2^0 - 2/ 8 \ - / 2 /2 - / 2 /2 - A 2 3 + A 2 4 + 8n 5 )VV 3 
+ (-2A\ - 4/ 8 \ + A 2 9 - /fo " 8Ae - 8i 17 )V 7 \ 

+ (-2A 1 2-/l/2 + A 2 i-/2 2 2 )vv 3 2 

+ ( — 2/73 — fig + /|o + 2/| 3 — 2f% 4 )Vf 3 

+ (-2# 4 + A 2 9 - / 2 2 o + 2A 2 3 - 2A 2 4 - 24i 17 )VV 3 4 

+ (-2/ 8 1 2 - AV4 + A 2 e/4 - 8n8)^ 8 3 2 

+ (-2A 1 3-4/ 9 1 1 -A 2 8/4)^ 8 3 3 

+ (-2/J4 - 8/g 1 ! + A 2 s/4 + 4zi 8 )y 8 3 4 

+ (-2/J5 - 4/^ - A 2 i/2 + A 2 2 /2 - A 2 3 /4 + A 2 4 /4 - 2i 20 )V& 

+ + /is/4 - A 2 e/4 - 2i 19 )V& 

+ (-2/ 8 V + A 2 7 + A 2 3 /2 - A 2 4 /2 + 4n 9 )^ 8 3 7 

+ (-2/4 - 8/^ + A 2 7 /2 + A 2 i/2 - A 2 2 /2 + A 2 3 /2 - /2V2 + 4n 9 )^ 8 3 8 

+ (-2^9 + ^20)^9 

+ (-2/ 9 1 + A 2 9 /4-A 2 o/4)K,o- 

The local supersymmetry is achieved when all the coefficients of the bases vanish. Thus we 
have 264 simultaneous equations for 152 variables, and this requirement is quite nontrivial 2 . 



2 The coefficient of V25 is 0, so we have 263 equations in fact. 
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5 Results 



The cancellation of the supersymmetric variations (|4.34j) now gives us the 264 simultaneous 
equations among the 152 variables of b\^ 13 , b\ 2 i /i~92> /i~25 an< ^ *l~20- We solved these 
equations by using computer programming, and found that solutions are represented by 15 
parameters. 

We can choose the following 15 coefficients 

bl bl bl b\ , b\ Xl b\ 2 , b\ 3 , b 2 2 , 

i 7 , in, hi, *15> *18; H9, ^20, (5.1) 
as independent parameters, and the other 137 variables are solved like 
b\=bl 

bl = 2bl + 32bl 
b\ = -2b\- 326?,, 
b\ = -1661, 

b] = -b\ - b\ /2 + 6^ + 2b\ 2 + 6i 3 /2 - ml 
b\ = b\ -2b\ l -Ab\ 2 -b l n -?,2bl 
b\ = -6|/4, 

fl = - 6ii/2 - b\ 2 + 8b 2 2 + 8i 7 + 4i 20 , 

fl = -6io/ 2 + 6 n + 2fe i2 + 86| + 2*u + 2»i 5 + 8i 18 - 2i 19 - 4i 20 , 

/3 1 = fei /2 - 6h - 26* 2 + 646| + _ ^ _ 16iig _ g-^ 

/] = -&10/I6 + bL/8 + 6^/4 + 56^ _ - ig _ - 20) (5 2) 

/I = 6} /4 - 6^/2 - 6i 2 - 166^ + 4i 20 , 

fl = -Ab\ - b\ Q /A + b\ x l2 + 6i 2 - 166^ + 8i 7 - 4*19, 

/l = 6^/4 - b\j2 - b\ 2 - 28b 2 2 - 2i n - 8iis + 4i 19 + 4i 20 , 

/l = _26i - 6^/8 + 6^/4 + b\ 2 /2 - M 7 - 2* 19 - 2i 20 , 

/g 1 = 6^/8 - 6} /16 + 6^/8 + b{ 2 /4 + 1062 + i u - * 19 - i 20 , 

= -6|/4 - b\ /8 + 6^/4 + 6^/2 + 1262 + ^ + ^ _ ^ _ ^ 
/11 = -^10/8 + - 612/2 + 2n 5 , 

/12 = -6io/4 + 6^/2 - 3b\ 2 - 166| + 4»i5 - 16»i 8 + 8»i 9 + 4i 20 , 

fl 3 = b\ x /2 - 2b\ 2 - m 2 2 - 4»n - 16z 18 + 4*19 + 8i 20 , 

/i4 = 610/8 - &u/4 + 36i 2 /2 + 1662 + 2*u + 16*i 8 - 6*19 - 6*20, 
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f} 5 = -b\/2 - b\ /A + b\j2 + b\ 2 + 166^ + 4i u - 4ii 5 - 8tig - 4i 20 , 

fie = ~bl + b\ 3 - 48&1 + 8i 20 , 

fh = ~bl ~ b\ /2 + 6 n + 2b\ 2 + 8n 9 + 8i 20 , 

fl 8 = b\/2 + b\ /2 - 6 n - 2b\ 2 - b{ 3 /2 - 24b\ - 4i u - I6i 18 + 8i 19 + 8i 20 , 
fh = - b \o/ 2 + b n + 2b\ 2 - 8i 14 + 8i 15 + 16ii9 + 8z 20 , 
/20 = -610 + 2b n + ^12 + 646| - 8ii 5 - 8tig - 8i 20 , 
fix = 610 " 2b \x ~ 4b l2 ~ 96fel - 8i 14 + 8iis + 8i 19 , 
/ 22 = &io/4 ~ b\j2 - b\ 2 - 2461 " 8*i4 - 4n 5 + 4i 20 , 

fh = -3^o/4 + 36^/2 + 36^ + 72&1 + 4i n + 4i 14 + 16»i 8 - 12»i 9 - 16i 20 , 

/24 = 
/25 = 461, 
/26 = 46l, 
/27 = ~~ b 2 , 
fl 8 = 0, 
/29 = 26l , 

/30 = -6io/4 + 6^/2 + 6i 2 - 8^, 

/31 = 2&1, 

/32 = 0, 

fh = !66|, 

/ 3 1 4 = -86l + 4n 9 , 

/as = -861, 

/as = &io/2 - &h - 26l 2 - 16^, 

fi 7 = m 2 2 -4i 19 , 

fh = -6io/4 + &h/2 + 612 + 12b l + 4^7 - 4n 9 - 4i 20 , 

/39 = _ 26l - in, 

/io = 8&1 - 2ii 5 - 2ii 9 - 4i 2 o, 

^1 = ^io/4 - 6 n /2 - 6j 2 - 1261 " 8ti8 + 4»ig + 4i 20 , 

/k = &io/4 - 6 n /2 - b\ 2 - 3261 - 4ii4 + 4»i 5 + 8»i 9 + 12i 20 , 

/ 4 1 3 = -6W4 + 6n/2 + 6l 2 -4i 20 , 

/w = -6io/4 + 6h/2 + b\ 2 + 1261 + 4i 7 - 2ii 9 - 4i 20 , 



48 



/is = 6i /16 - 6^/8 - b\ 2 /A - 2i 7 + i 19 + i 20 , 
/is = -2&1 - in - 4ii 8 , 

/It = -^0/8 + &n/4 + 612/2 + 8b 2 2 + 2i 14 - 2iig - 4i 20 , 
/Is = -&10/8 + &n/4 + 612/2 + + 2ii4 - 2i 20 , 
/ 4 1 9 = -862_2i 11 -8ii 8 , 

/so = &10/8 - 6n/4 - b\ 2 /2 - 12b 2 2 - 2i u + 2i ig + 4i 20 , 
/s 1 ! = 86^-2ii4 + 8ii 8 -2ii 9 , 

fh = " 8& 2 " 16H8 + 4iig + 4i 20 , 

^ = 46| + 2ns + 8n 8 , 

fh = &10/ 4 " 6n/2 - b\ 2 - 166^ - I6i 18 + 4ii 9 + 8i 20 , 
fh = -&10/8 + 6n/4 + 6j 2 /2 + 1261 + 8iis - 2ii 9 - 2i 20 , 
/as = -&10/I6 + 6h/8 + bJ 2 /4 + 86l + 4i l8 - i ig - i 20 , 
/sV = 461 + *n + 4ii8, 

/ss = &W 4 " &11/2 - b\ 2 " 3261 - 4i M + 4i i5 + 8ii 9 + 12i 20 , 
fh = b\ /2 - b l xl - 2b\ 2 - 3261 - 4i M + 4i 15 + 8i 19 + 12i 20 , 
fh = 6lo/4 - bh/2 - b\ 2 - 2461 + 4ii9 + 4i 20 , 
fh = -6} /4 + &h/2 + 6^ 2 + 2461 + 4ii4 - 4ii 5 - 8»i 9 - 12i 20 , 

fh = 8i 20, 

fh = b\ /2 - bh - 2b\ 2 - 1661 + 16i2o, 

fh = _ 86l, 

fh = -86l + 4ii 9 , 

fh = 1661 + 4i 20 , 

/er = -461 - 2in - 8ii 8 , 

/es = -frio/2 + 611 + 26i 2 - 8i 20 , 

/Jg = 2461 - 4ii 5 - 4ii 9 - 4i 20 , 

fro = - 8b 2 ~ 4ii4 + 4ii 9 + 8i 2 o, 

fh = _ 8i 20 , 

fh = ^io/4 - bh/2 - b\ 2 - 2461 " 4ii4 + 4ii 9 + 4i 20 , 

fh = 1661 - 8ii9, 

/t4 = 16&! - 8iig - 8i 20 , 
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= 26l + 4n 8 , 
tie = -610/8 + 6h/4 + 6j 2 /2 - 2* 20 , 

/y 7 = 2&2 - 119, 

fh = 0, 
/re = 0, 
/so = 0, 

/si = 6io/4 -6h/2-6l 2 , 

/82 = &10/8 - 6^/4 - &J 2 /2 - 6&1 - 4ii 8 + iig + 2* 20 , 

fl 3 = b\ /32 - blJie - b\ 2 /8 - 3b 2 2 /2 + i 19 /2 + * 20 /2, 

fh = -&io/32 + 6^/16 + 6^/8 + 3b 2 2 + 2ii 8 - «i 9 /2 - W2, 

fl 5 = 6i /16 - 6^/8 - 6i 2 /4 - 46 2 + il9 + i20) 

/se = -6I0/8 + 6ii/4 + 6i 2 /2 + Qb 2 - 2ii9 - 2i 20 , 

/87 = ^0/8 - &li/4 - 6i 2 /2 - 46|, 

fL = - Ah 2 ~ 2i 20, 
/gg = 2* 20 , 

/90 = -&10/8 + bh/4 + 6^/2 - 4* 20 , 
fh = -6|/4, 
f 1 - h 2 

^92 — w 2> 

= -326 2 - Sin + 16ii4 + 8n 5 - 32ii 8 + 8*i 9 , 
/I = 8*'ii - 8*14 + 32*i 8 + 8*19, 

fl = -b\ /2 + b\ x + 2b\ 2 + 966^ + 8*11 - 16*15 + 32*'i 8 - 24* 19 - 24* 20 , 

/ 4 2 = b\ /2 - 6ji - 2b\ 2 - H2&1 - 16*ii + 8*15 - 64*i 8 + 24*i 9 + 24* 20 , 

fl = -b\ + 26^ + 46} 2 + 966^ + 16*i 4 - 16*i 9 - 16* 20 , 

ft = &i " 26^ - 46^ - 966 2 + 16*'i 5 + 16*i 9 + 16* 20 , 

/ 7 2 = b\ - 2b\ 1 - Ab\ 2 - I28b 2 2 - 16*ii - 64*i 8 + 16*i 9 + 16* 20 , 

fl = b\ - 2b 1 11 - Ab\ 2 - 32* 7 - 16*15, 

/ 2 = -2b\ + 46ji + + 12861 + 32* 7 + 16* u - 32i 19 - 32i 20 , 
/i 2 = -326 2 + 16*15 + 16*19 + 16* 20 , 

fh = -b\o + 26ji + 4&^ + 12861 + 16«n + 64*'i 8 - 16*i 9 - 16* 20 , 
/i 2 2 = -610 + 26n + 46} 2 + 32* 7 - 16*i 4 , 
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/■pg = 2b\ - Ab\ x - 8b\ 2 - 160b 2 2 - 32* 7 - I6i u - 64«i 8 + 32*'i 9 + 32i 20 , 

/l4 = -6io/4 + 6ii/2 + b\ 2 + 8b| + 8i 7 - 4*ig - 4* 20 , 

/is = -6io/2 + b\ x + 2b\ 2 + 8tig - 8* 20 , 

/ x 2 6 = 6j /2 - 6h - 2b\ 2 - 486^ + I6i 19 + 8* 20 , 

fl 7 = b\j2 - b l u - 2b\ 2 - m 2 2 + 8i 20 , 

/is = -6io/4 + 6}i/2 + b\ 2 + 166^ - 4*ig - 4* 2 o, 

/ x 2 9 = -64b 2 2 - 64i 18 + 16n 9 , 

fw = b lo ~ 26L - 46i 2 - 646 2 - 64i 18 + 16*i 9 + 32* 20 , 
/|l = b\ /2 - b l xl - 2b\ 2 - \8b\ - 32*i 8 + 8*19 + 8*20, 
fli = b\ /2 - b\ x - 26j 2 - 486 2 - 32i 18 + 8*19 + 8i 20 , 
/Is = -6io/2 + 611 + 26^ + 3261 + 32i 18 - 8*19 - 16* 20 , 
/| 4 = 166| + 32z 18 , 

/Is = -6io/2 + b\ x + 26^ + 486 2 + 32i 18 - 8*i 9 - 8* 20 , 

*i = 63 + 6} /8 - &L/4 - b\ 2 /2 - 2i 7 + 3*ig + 2i 2 o, 

* 2 = -6 5 /16 - 3b 2 - in/2 + * 19 /2, 

* 3 = 6^/4 - b\ 2 + 2*15 + 2*19 + 4i 20 , 

* 4 = ~b\ 2 - I662 - in + *15 - 8*i 8 + 4*'i9 + 4* 2 o, 

i 5 = — &1/2 - 6^/2 + 6}i + 26^2 + 1661 + 4ii4 - 4* i5 - 8*19 - 12* 20 , 

* 6 = -&J/4 - 6* /4 + b\ x /2 + 6^2 + 6j 3 /4 + 86i + 2* 14 - 4* 19 - 4* 20 , 

* 8 = 4&2 + *14 - *19, 

i 9 = -6} /16 + b\ x /% + b\ 2 /4 + 461 + ki/2 + 2i 18 - kg/2 - * 20 , 

*10 = 4&2 +4*i 8 - *ig, 

112 = 862 + *14 - *15 - 2*19 - ko, 

113 = 6l /4 - &li/2 - 6^2 - 8&2 + 2ii 9 + 4* 20 , 
ii 6 = -&i /6 + 6}i/3 + 2b{ 2 /3, 

kr = -6io/12 + 6ji/6 + 6^/3 - 2i 20 . 

These solutions are the main result of our paper. We started from the higher derivative effective 
action which contains 132 parameters. From the requirement of the local supersymmetry, the 
number of these parameters are reduced to 15. Therefore the higher derivative effective action 
has 15 parameters at this stage. 

The result (|5.2j) is obtained by employing the computer programming, so it is important to 
justify it by comparing with the results established so far. Let us focus on the bosonic part 
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of the higher derivative effective action in more detail. By inserting the result (|5.2|) into the 
effective action, the purely bosonic part of it can be written as 

C[eR\ mc + C[ee u AR 4 } 

= + eRabcdRabcdRefghRefgh x («) 
+ eRabcdRabceRdfghRefgh X ( — 16a) 
+ eRabcdRabefRcdghRefgh x (2a) 

+ eRabcdRaecgRbfdhRefgh x (16a) (5.3) 

+ dRabceRabdgR cfdhRefgh x (— 32a) 

+ eRabceRabdfRcdghRefgh X ("I ) 

+ eRabceRadcgRbfdhRefgh x (32a + b) 

+ e^ii A^^^Rab^^RabuQHiRcdfigngRcdtixoLin x (24°) 
+ ee^j ^ ^4/i 1 /x 2 /J3-Rafe/^4/x5^bc^6A 1 7^c(i/i8M9-^'iaA t l0A 1 ii X ( — 6 a )' 



where we defined 



a = b\, b= -b\ + 2b\ l + Ab\ 2 . (5.4) 



It is very surprising that the bosonic part of the higher derivative corrections are controlled 
by only two parameters. This means that there are at most two superinvariants for the higher 
derivative corrections. The remaining 13 parameters are redundant and will be related to some 
linear combinations of a and b when the cancellation which include the 4-form field strength is 
examined. 

The bosonic part of the higher derivative effective action with the parameter a, which is 
noted C a , is deformed as 

£-a = a { + eRabcdRabcdRefghRefgh ~ ^6eRabcdRabceRdfghRefgh 
+ ZeRabcdRabef RcdghRefgh + ISeRabcdRaecgRbfdhRefgh 

32eR a bceRabdgRc fdhRefgh + 32eR abce R a dcgRbfdhRefgh 

j 1_ A E> E> E> E> 

' 24 11 ^fii^2^3 n a,bti4,ti5 TL abiJ,6ii7 Jr, 'cdfisiig r >-cdfiiotJ.ii 

- A f? R R R \ 

6 fc ll ^tii/i2ti3- n abii4ii 5 r Lbcfisii7 r Lcdtigii9 Jr, 'datiioliii J 

= ±a(t s t s eR 4 - ^entsAR*) , (5.5) 

where t$ is a tensor with 8 indices and defined in the appendix El As discussed in the introduc- 
tion, this form precisely matches with the result obtained by evaluating the one-loop scattering 
amplitude of massless closed strings. Though we do not explain explicitly, it is also checked 
that the result in ref. ^S], which includes the bilinear terms of the Majorana gravitino, can be 
reproduced by appropriately choosing the remaining 13 parameters. 
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The bosonic part of the higher derivative effective action with the parameter b, which is 
noted Cb, is transformed into 

C-b = b( — \eR a b ce R a bdf RcdghRefgh + eR a b ce RadcgRbfdhRefgh) 

= 24 x 32 & (* 8 * 8efi4 + ijeiieiiei? 4 ). (5.6) 

Again as discussed in the introduction, this form precisely matches with the result obtained by 
evaluating the tree level scattering amplitude of massless closed strings. 

Therefore we could derive the bosonic terms of the two superinvariants completely by im- 
posing the M = 1 local supersymmetry in eleven dimensions. Note that the Noether method is 
very sensitive to miscalculations. One error is fatal to the result. So the expected conclusion 
here implies the correctness of our procedure. 

Let us remind the discussions in the section El So far we have investigated the cancella- 
tion of V = in the eq. (|3.7j) . where the terms which are proportional to the field equations 
are neglected. Our final task is to go into a question for the modifications of the supersym- 
metric transformation rules in the eq. (|3.8j) . Here we only consider the modification of the 
transformation rule for the Majorana gravitino. 

The variations which contain the field equation of the Majorana gravitino only come from 
those of £[ei? 3 ?/>V(2)] an d are written as 

— 2e(fl R a fbgRacdeRbcde + f\RafbcRagdeRbcde + f^RbfadRcgaeRbcde^lfDh^gh 

~ ^(f^RefhiRabcdRabcd + f^RefahRbicdRabcd + f^RhiaeRbfcdRabcd 
+ i 27 Re fabRhicdRabcd + fy&RehabRficdRabcd + f^RefabRahcdRbicd 
f 30 Rehab Ra fed Rbicd + fsiRhiabRaecdRbfcd + f^RefacRbhadRbicd 
f^RehacRbf adRbicd + f^RhiacRbeadRbfcd + f^RaechRbfdiRabcd 
+ fl§RaechRbfadRbicd + f\-jRaebhRj acdRibcd)^lejlgD g^hi (5.7) 

— ZeUlsRefahRbgcdRabcd + f^RefabRghcdRabcd + floRefabRagcdRbhcd 

+ fllRehabRafcdRbgcd + f^RefacRbgadRbhcd + fX^RehaeRbfadRbgcd^lefgDi^U 

~ ^{fj^RdeaiRfgbcRahbc + f^RdeabRfgacRbhc^ldefghDjlpij 

~ ^{fjfRdeaiRfgbcRajbc + f^sRijadRefbcRagbc + fiqRdeaiR f jbcRagbc 
+ floRdebiRaJcjRagbc + fllRdeabRfiacRbgcj)^ldefglhDh^ij 

~ ^ e Ul\RcdjkRefabRghab + f^RcdajRefbkRghab^lcdefghliDi^jk- 

Then by using the eq. ()2.19|) . we can read off the modification of supersymmetric transformation 
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rule for the Majorana gravitino, 5\ip x = —X x , as follows. 
Siipx = 

+ ( - Tlxglh + \lxlgh)lf 

Dh{(fl RafbgRacdeRbcde + f^RafbcRagdeRbcde + fiRbfadRcgaeRbcde)^} 

+ ( - 2Vk{hr]i}x ~ llx7lhVi}k)7ef 

Dk{(f24,RefhiRabcdRabcd + f^bRefahRbicdRabcd + J 26 Rhiae Rb fed Rabcd 
+ f 27 Re fab Rhicd Rabcd + f^RehabRficdRabcd + fhgRe f abRahcdRbicd 
ehabRafcdRbicd 4~ f 3\RhiabRaecdRb f cd f^RefacRbhadRbicd 
fs^RehacRbfadRbicd + f^RhiacRbeadRbfcd + / '35 RaechRbfdi Rabcd 
+ fl%Raech,RbfadRbicd + } 37 RaebhRfacdRibcd) 6 } 

~ ( - ?fcft7i + \lx1hi)lefg 

-^{{(fzgRefahRbgedRabed + fsgRefabRghcdRabcd + flgRefabRagcdRbhcd 

+ fllRehabRafcdRbgcd + f^RefacRbgadRbhcd + fl^RehacRbfadRbgcd)^} (5.8) 

+ (-Vxilj + \lxlij)ldefgh 

Dj{(f^RdeaiRfgbcRahbc + f^RdeabRfgacRbhci)^ 

~ ( - 2 Vk\iVj]x - §7x7[i ? /i]fc)7de/ S 

Dk^f^-jRdeaiRfgbcRajbc + fj%RijadRefbcRagbc + f^gRdeaiR f jbcRagbc 
f&gRdebiRafcjRagbc + fglRdeabRfiacRbgcj )*} 

^ledefgh 

D m {(fgiRcdjkRefabRghab + fg2RcdajRefbkRghab)t}- 

In this expression we neglect the torsion terms. The coefficients are chosen as the eq. (|5.2[) . 

6 Conclusions and Discussions 

In this paper we constructed the part of the higher derivative effective action of the M-theory 
by applying the Noether method with respect to the Af = 1 local supersymmetry. The Noether 
method also makes it possible to derive the modifications of the supersymmetric transformation 
rules. 

The ansatz for the higher derivative effective action is given by the sum of £[ei? 4 ], 
C[eenAR A ], /:[ei? 3 ^V(2)] and C[eR 2 tp(2)Dip^], which are given by the eqs. (|4~5|) . 1)177)1 . 1(175)1 
and 1)4.11)1 respectively. The ansatz contains totally 132 terms. The variations of the ansatz are 
expanded by the 264 bases of V[eR 4 eip], V[eR 2 DRei/j^)] an d V[eR 3 eDip^], which are given by 
the eqs. (JUS}). ()4~TH)) and (flTTTJ)) respectively. The terms of V[eR A eil)} and V[eR 3 eDilj^)] are 
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related by the 20 identities Q4.2UJI . The results of the variations of the ansatz are expanded by 
the 264 bases as the eqs. (|4.24|) . (fPE|) . (|4*?2^)) and (|OT|) . Notice that these variations do not 
contain terms which are proportional to the field equations. The M = 1 local supersymmetry 
requires the cancellation of the variations, and it gives us 264 simultaneous equations among 
the coefficients of the terms in the ansatz. We found that the 15 parameters 1)5. ljl are not 
determined and the other coefficients are solved like (|5.2|) . 

Among 15 parameters, only two are related to the coefficients of the bosonic part. As a result, 
we obtained two candidates of the superinvariants which completely match with the results 
obtained by type IIA string perturbative calculations. We also derived the higher derivative 
modifications to the supersymmetric transformation rules (|5.8|) . Thus it seems that the local 
supersymmetry is powerful enough to determine the structure of the higher derivative effective 
action. 

As a next future work, we will try to construct the effective action of the M-theory which 
includes the terms which depend on the 4- form field strength )29j. Though there are difficulties 
to treat the vast number of 4-form field strength terms as well, the techniques here, namely the 
calculations by hand and computer programming, will lead us to the complete effective action 
of the M-theory. 

Following works in refs. |30) 131) . it has recently been shown that if we take into account 
higher derivative corrections to the effective action of heterotic string theory, the entropy of the 
black hole computed from the degeneracy of elementary string states agrees with the entropy 
computed from the classical calculation 33] . So if we can obtain the higher derivative corrections 
including the R-R potential terms in the type IIA superstring theory, it is interesting to apply 
them to the special cases of black hole whose entropy vanishes in the classical supergravity, for 
example, the supertube solutions with two charges. The corrected supersymmetric transforma- 
tions will also be useful to investigate them. Applications to black hole physics, brane solutions 
or cosmology are also important directions [33 ) 134" ) 135) . 
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Appendix 

A Notations 

Field content of the 11 dimensional supergravity consists of the vielbein e p a , the Majorana 
gravitino ipu and the three- form potential A pup . The spin connection o^" 6 is the gauge field for 
the local Lorentz group and expressed by other fields as 

+ ^(r^, - r„ M + r pM ). (A.i) 

To derive this equation we used the vielbein postulate D p e u a + T u pp e p a = 0. The Y p pu is the 
connection and the T p pu = 2T p [ pu ] is the torsion. The indices in the brackets are antisym- 
metrized completely. By solving the equation of motion for the spin connection, the torsion is 
written by a bilinear of the Majorana gravitino. 

rV] = iVV7 p Vv] - |V^ pQ %- (A.2) 

The field strengths are defined as follows. 

R ab fiu = 2d[ p uj I/ ] ab + 2uj[ p a c uj l ,f b 1 Rabcd = e ti c e U dR a bviv, 

F pV pa = ^d^Ajyppj, Fabcd = e ^a e 6 e ^c e dF p uptr- 

For the calculation, we use following notations. 

Vv = -V£c-\ c T = -c, x = cx T c-\ r = (-l)^7 n 

faXifa = faXip!, DeXip ~ -W(Xil>), (A.4) 

The last approximations are the equations up to the total derivative. 

The supersymmetry transformations of the building blocks are given by 

5e = e-f a ip a , 

SRabcd = -RabceHelpd + RabdeHe^Pc + 2-D[ c <5w rf ] ab + T ecd 5uJ eab . 

5ip a = d 1 D a e + d 2 F ajk a jk i€ + d 3 F ijk a ijk i a e + 0(ip 2 ), 

5^ ab = \d x R xyabl ^e + 2d 2 D [a (F ma jkl e) + 2d 3 D [a (F^ kl ^ kl b] e) + O^ 2 ), (A.5) 
SF abcd = -4:F e[bcd e~/ e ip a] + Ad A D [a (e~i bc ^ d }) + Ad 5 D [a (e-f bcde ip e] ) + 0(V> 3 ), 

where d\ = 2, d 2 = — jg, d 3 = ^4, c?4 = — 3 and cfe = 0. 
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B The structure of tgtgR 4 and enCnR 4 

In this section, we show the structure of is^sR 4 and enen-R 4 explicitly. 
The definition of tf cde}9h Ri ab R 2c dR3efRAgh is given by 

.abcdefgh p p p p 

= -2(tTR 1 R2trR 3 R 4: + trR1.R3trR2.R4 + trEii^tri^i^) 

+ 8(tri?ii? 2 i? 3j R 4 + tiR 1 R 3 R 2 R4 + trRxR 3 R A R 2 ) (B.l) 

= —2(Ri a bR2baR3cdR4dc + R\abR?,baR2cdRAdc + RlabR<ibaR2cdR3dc) 
+ 8(Ri ab R 2bc R 3c dR4da + RlabR3bcR2cdRlda + RlabR3bcRicdR2da) ■ 

Then the 4-point amplitude term t%t%R are 

.ijklmnpq .abcdefgh p p p p 

£g £g ^ijab-ttklcd-ftrnneffi-pqgh 

^8 (.RijabRklbaRmncdRpqdc RijabRmnbaRklcdRpqdc RijabRpqbaRklcdRmndc) 

{RijabRklbcRmncdRpqda RijabRmnbcRklcdRpqda RijabRmnbcRpqcdRklda) 

— ~~\~12(R abcd R ) -|- 24:Rij ab Rij cd R mnab R mncd 

QQRijabRijcdRmnadRmncb ^-^^RijabRijbcRmncdRmnda (1^-2) 

+ 192Rij ab Rj kbc R k i cd Ri ida + 384:Rij ab R k i bc Rj kcd Ri ida 
= 12(Ai - 16^2 + 2A 3 - 32A 5 + 16A 6 + 32A 7 ) . 

Here we give definitions again, /i, v are general coordinates indices and a, b are Lorentz indices. 
A\ , ■ ■ ■ A 7 are given by eq. (|4.6|) . 

The topological term, enen-R 4 = eif TOfc/mnp9 eii a /3 7 afccde/9h Rjj a b-Rfcicd-Rmne/Rpg ff h, is ex- 
pressed as 

l_ a^yijklmnpq abcdefgh r> R R R 

3!-8! 11 £11 a/57 rt 'ijab Jr, 'klcd I Mnnef r> 'pqgh 

_ Ajklmnpq p R p p 

~~ "[abcdefgh] ^ijab^klcd-^mnef '-^pqgh 

= ^(A X - 16A 2 + 2A 3 + 16^4 - 32A 5 + 16A 6 - 32 A 7 ). (B.3) 

Finally we obtain 

t 8 t 8 R 4 + ^eneiifi 4 = 12(A 1 - 16A 2 + 2A 3 - 32A 5 + 16A 6 + 32A 7 ) 

- 12{A X - 16^2 + 2A 3 - 32A 5 + 16A 6 - 32A 7 + 16Ai) 

= 3 • 2 8 (A 7 - ±A 4 ) , (B.4) 

which corresponds to eq, (|5.6|) . 
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C Classifications of [if 2 ], [R 3 ], [R 4 ] and [R 2 DR] 



Classification of [R 



21 



The types of [i? 2 ] are classified by the positions of the contracted indices. As an example, let 
us consider a quadratic term R bcdR bed where b, c and d are the contracted indices and blanks 
are arbitrary. This term is classified by the positions of the contracted indices as {3, 3}{3}. 
The {3, 3} shows that the number of the contracted indices in each Riemann tensor. That is, 
the first and the second Riemann tensor contains three contracted indices, respectively. The 
contracted index b is contained in the first and the second Riemann tensor, so the numbers (1, 2) 
are assigned for this index. Similarly for the indices c and d, the numbers (1,2) are assigned, 
and totally this example has the numbers of (1,2) 3 . The {3} represents the number of the 
power of (1,2) 3 . The numbers are aligned in order of rising. Thus the example R bcdR bed is 
classified by the numbers of {3, 3}{3} which are not affected by the properties of the Riemann 
tensor. The types of [R 2 ] are classified in this way and the complete list is given as follows. 

{1,1}{1} R d R d , 

{2,2}{2} R cd R cd , 

{3, 3}{3} R bcdR bed, (CI) 

{4,4}{4} RabcdRabcd- 

The above result is checked both by hand and by the computer programming independently. 



• Classification of [R 3 ]. 

The types of [i? 3 ] are classified by the positions of the contracted indices. As an example, let us 
consider a cubic term R C R & d R bed where b, c and d are the contracted indices and blanks 
are arbitrary. This term is classified by the positions of the contracted indices as {1, 2, 3}{1, 2}. 
The {1, 2, 3} shows that the number of the contracted indices in each Riemann tensor. That is, 
the first Riemann tensor contains one contracted index, the second does two and the third does 
three. The contracted index c is contained in the first and the third Riemann tensor, so the 
numbers (1, 3) are assigned for this index. Similarly for the indices b and d, the numbers (2, 3) 
are assigned, and totally this example has the numbers of (1, 3) 1 (2, 3) 2 . The {1,2} represents 
the numbers of the powers of (l^) 1 and (2,3) 2 . The numbers are aligned in order of rising. 
Thus the example R C R b dR bed is classified by the numbers of {1,2, 3}{1,2} which are not 
affected by the properties of the Riemann tensor. The types of [i? 3 ] are classified in this way 
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and the complete list is given as follows. 



{0,1,1}{1} 




R dR d, 


/n 9 91/91 


z? 
it 


R , R 


{1,1,2}{1,1} 

L ' ' J L l J 


i? 


L. CI <_. (X? 




E> 

-ZX 


R , , R ■ , 


/1 9 ^1/1 91 
I 1 ) A z f 






TO 9 91/1 1 11 

l Z ) Z J Z J I 1 ) X ) M 


ft 

it 


b cR b dR c di 


{0,4,4}{4} 


R 


RabcdRabcdi 


n q 41/1 qi 


p> 

IX 


aR bcdRabcdi 


{2, 2, 4}{2, 21 

I ' ' J I ' J 


R 


LL L. (J ti ^LLULsLL , 


|2,3,3|{1,1,2} 


R 


a Cbcd^^ j bed, 


{2,4,4}{1,1,3} 


R 


e aRebcdRabcdi 


{3,3,4}{1,2,2} 


R 


eabR ecdRabcdi 


{4,4,4}{2,2,2} 
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The above result is checked both by hand and by the computer programming independently. 



• Classification of [R ]. 

The types of [i? 4 ] are classified by the positions of the contracted indices. As an example, let us 
consider a quartic term R e fR ea fR bcdRabcd where a, b, c, d, e and / are contracted by the flat 
metric and blanks are arbitrary. This term is classified by the positions of the contracted indices 
as {2, 3, 3, 4}{1, 2, 3}. The {2, 3, 3, 4} shows that the number of the contracted indices in each 
Riemann tensor. That is, the first Riemann tensor contains two contracted indices, the second 
does three, the third does three and the fourth does four. The contracted index a is contained 
in the second and the fourth Riemann tensor, so the numbers (2,4) are assigned for this index. 
In a similar way the numbers (3,4), (3,4), (3,4), (1,2) and (1,2) are assigned for the indices 6, 
c, d, e and /, respectively, and totally this example has the numbers of (2, 4) 1 (1, 2) 2 (3, 4) 3 . The 
{1,2,3} represents the numbers of the powers of (2,4) 1 , (1, 2) 2 and (3,4) 3 . The numbers arc 
aligned in order of rising. Thus the example R e fR e afR bcdRabcd is classified by the numbers 
of {2, 3, 3, 4}{1, 2, 3} which are not affected by the properties of the Riemann tensor. The types 
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of [R 4 ] are classified in this way and the complete list is given as follows. 
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(C.3) 
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{1,3,3,3}{1, 1,1,2} 

{2,2,3,3}{2,3} 

{2,2,3,3}{1,1,1,2} 

{2,2,3,3}{1,2,2} 

{2,2,3,3}{1,1,1,1,1} 

{0,4,4,4}{2,2,2} 

{1,3,4,4}{1, 1,1,3} 

{1,3,4,4}{1,1,2,2} 

{2,2,4,4}{2,4} 

{2,2,4,4}{1,1,1,3} 

{2,2,4,4}{2,2,2} 

{2,2,4,4}{1,1,1,1,2} 

{2,3,3,4}{1,2,3} 

{2,3,3,4}{1,1,2,2} 

{2,3,3,4}{1,1,1,1,2} 

{3,3,3,3}{3,3} 
{3,3,3,3}{1,1,2,2} 

{3,3,3,3}{1,1,1,1,1,1} 

{2,4,4,4}{1,1,2,3} 

{2,4,4,4}{1,1,1,2,2} 

{3,3,4,4}{3,4} 

{3,3,4,4}{1,1,2,3} 

{3,3,4,4}{1,2,2,2} 

{3,3,4,4}{1, 1,1, 1,1,2} 

{3,3,4,4}{1,3,3} 



R eR aebR acdR bed, 
R e a,R e aR bedR bed, 
R e aR e bR acdR bed, 
R a bR c dR aebR cedi 
R a cR b dR aebR ced, 
R Re fabRe fcdRabcd, 
R eR aebRafcdRbfcd, 
R eR fabRe fcdRabcd, 
R e }R e fRabcdRabcd- 
R e aR e bRafcdRbfcd- 
R e fR a bRecfdRacbd- 
R e aR f bRefcdRabcd 
R e fR eafR bcdRabcd: 
R e fR eabR fcdRabcd, 
R a bR cefR defRacbd- 
R e aR ebfR fcdRabcd- 
R e aR ebfR cfdRacbd, 
R eabR eabR fcdR fed, 
R eabR fabR ecdR fed, 
R aebR afbR cedR cfd, 
R aecR bedR afbR cfd, 
R aecR bedR afbR dfc, 

R e fReafbRagcdRbgcd; 
R e f RegabRf gcdRabcd; 
R e fgR efgRabcdRabcd, 
R aefR befRagcdRbgcd, 
R e fgR eabR f gcdRabcd, 
R aefR beg Rf gcdRabcd, 
R aefR begRf cgdRacbd, 
R afgR bcdReaf gRebcd, 



R eR aebR cadR cbd, 

e a-"' e bR cadR cbd, 

R a dR b cR aebR ced, 
R Reaf bRecfdRacbd, 

R eR afbRecfdRacbd, 



R e aR f bRecfdRacbd, 

R e fR aebR cfdRacbd, 
R a bR ecfR edf Racbd, 
R e aR fbeR fcdRabcd, 
R e aR fbeR cfdRacbd, 

R aebR afbR ecdR fed, 

R eacR bedR afbR cfd, 
R eacR bedR afbR dfc, 

R e fReagbRf cgdRacbd, 

R eafR ebf RagcdRbgcd, 

R f e gR aebR f cgdRacbd, 

R aefR gebRf gcdRabcd, 

R aefR gebRf cgdRacbd, 
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{3,3,4,4}{1,1,1,2,2} 



R agbR dfcReafbRecgdj 



R agbR cfdReafbRecgdi 



R bgaR dfcReafbRecgdj 



{4,4,4, 



4}{4,4} 



RabcdRabcdRefghRefgh j 
RabcdRabceRdf ghRef ghi 
Rabcd Rabef Rcdgh Refgh 1 



{4,4,4,4}{1,1,3,3} 
{4,4,4,4}{2,2,2,2} 



Rabcd Raecg Rbfdh Refgh 1 



{4, 4, 4, 4}{1, 1, 1, 1, 2, 2} RabceRabdgRcfdhRefgh, RabceRabdfRcdghRefgh, 

Rabce Radcg Rbfdh Refgh ■ 

The result there is checked both by hand and by the computer programming independently. 

• Classification of [R 2 DR] with the index of the covariant derivative unfilled. 

The types of [R 2 DR] are classified by the positions of the contracted indices. As an example, 
let us consider a quartic term R c ^R cbdDbR , where b, c and d are contracted by the flat 
metric and blanks are arbitrary. This term is classified by the positions of the contracted 
indices as {2, 3, 1}{1, 2}. The numbers of 2 and 3 in {2,3,1} represent the numbers of the 
contracted indices in the first and the second Riemann tensor, respectively. The last number 1 
in {2, 3, 1} represents the number of the contracted indices in the covariant derivative and the 
third Riemann tensor, because the indices of the covariant derivative and the third Riemann 
tensor can be exchanged by using the Bianchi identity of the Riemann tensor. Thus the index of 
the covariant derivative is grouped into the position of the third Riemann tensor. The contracted 
index b is contained in the second Riemann tensor and the third position, so the numbers (2, 3) 
are assigned for this index. In a similar way the numbers (1, 2) are assigned both for the indices 
c and d, and totally this example has the numbers of (2, 3) 1 (1, 2) 2 . The {1,2} represents the 
numbers of the powers of (2,3) x and (1,2) 2 , where the numbers are aligned in order of rising. 
Thus the example, R c dR cbdDbR , is classified by the numbers of {2,3, 1}{1,2} which are 
not affected by the properties of the Riemann tensor. The types of [R 2 DR] with the index 
of the covariant derivative unfilled are classified in this way and the complete list is given as 
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follows. 
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(C.4) 



R a bR dacD R 



cbd, 



R dacR cbdD R a b, 



R ceaR bcdD R a bcd, 
R ceaRabcdD R bed, 



The result above is checked both by hand and by the computer programming independently. 



• Classification of [R?DR\ with the index of the covariant derivative filled. 
The types of [R 2 DR] with the index of the covariant derivative filled are classified as like the 
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above and the complete list is given as follows. 
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(C.5) 



The result above is checked both by hand and by the computer programming independently. 
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